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X-RAY WAVE-LENGTH CHANGE BY PARTIAL ABSORPTION 


By J. M. Cork 
UNIVERSITY OF MICHIGAN 
(Received May 11, 1931) 


ABSTRACT 


The attempt to repeat the experiments of Mr. B. B. Ray in which a change in 
wave-length occurred in an x-ray beam upon passage through an absorbing substance, 
has been continued. In the previously reported experiments CuX radiation was 
passed through absorbers of boron, beryllium, carbon, nitrogen and oxygen. These 
same absorbers have been retried with tungsten L radiation with a spectrometer of 
greater dispersion. Although it should have been possible to observe a modified line of 
1/3000 the intensity of the unmodified, in no case has any trace of a modified line been 
observed. 


HEN x-rays are incident upon matter they react with the electrons of 

the matter in various possible ways. One type of interaction, the photo- 
electric effect, in which the x-ray photon communicates all its energy to the 
electron, ejecting it from the atom, the remainder of the energy of the photon 
appearing as the kinetic energy of the electron, is now well established. 
Equally well established is the Compton effect in which the photon interacts 
with the free electron giving a portion of its energy to the electron, which is 
ejected as a recoil electron. The emergent photon with lessened energy is 
consequently of longer wave-length. For electrons bound in definite energy 
states a fine structure of the scattered modified photon on the long wave- 
length side would appear as a possibility. Recent experiments! indicate that 
this fine structure does not exist. 

Observing the failure of these experiments, Mr. B. B. Ray*® examined the 
wave-length of the emergent photons for zero scattering angle. For this angle 
the Compton wave-length shift would be zero. A spectral photograph of the 
transmitted beam showed along with the strong line due to the unmodified 
incident wave-length, certain fainter companion lines displaced toward longer 
wave-lengths. The displacements of these lines as reported, were just as 
would be expected if in the passage through the absorbing substance the 
photon gave up some of its energy to elevate a bound inner electron to an 
outer energy level, passing on unchanged in direction but with less energy 
and hence longer wave-length. 


1 Ehrenberg, Zeits. f. Physik 53, 234 (1929) ; Coster, Nature 123,642; Kast, Zeits.f. Physik 58, 
519 (1929); Bearden, Phys. Rev. 36, 791 (1930); Gingrich, Phys. Rev. 36, 1050 (1930). 
2 Ray, Nature 125, 746 and 856; 126, 399; Zeits. f. Physik 66, 261 (1930). 
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Thus the energy equations may be shown: 


Photoelectric effect hy = hy, + (1/2mv*) photoelectron (1) 
Compton effect hv = (1/2mv?) recoil electron + hv mod. (2) 
Ray effect hv = hy, + hv mod. (3) 


The existence of this last effect is thus of such importance that the ex- 
periments seemed worthy of repetition. 


EXPERIMENTAL 


To this end an attempt was made to repeat the work of Ray. The first 
experiments*® using a copper target x-ray tube equipped with a Lindemann 
thin glass window with a calcite crystal spectrometer were carried out in the 
laboratory of Dr. M. deBroglie in Paris. The investigation has been continued 
in this university using both copper and tungsten target tubes with a calcite 
crystal spectrometer having slit-crystal and crystal-photographic plate dis- 
tances of 54 cm. This gives a dispersion on the photographic plate of about 
5 xX.u. per mm. 

The absorbing layer was in every case placed between x-ray target and 
spectrometer slit. Various thicknesses of material were employed although 
the thicker the material the more apparent the effect should be. The absorb- 
ing layers used by Ray were not well described in his reports, except that he 
mentions the use of lamp black for carbon‘ absorption. Besides carbon, ab- 
sorbing layers of beryllium, boron, nitrogen and oxygen have been used. 
Screens made of various thicknesses of gold beaters skin have also been tried. 

In order to form an estimate of relative intensities a portion of the un- 
modified line was covered with a shield during most of the exposure. This 
shield for a twenty hour exposure was generally removed only for 2 minutes. 
The intensity of radiation was such that generally an exposure of 2 seconds 
was enough to render the main unmodified line visible. 

In these experiments the crystal was kept stationary during two ex- 
posures, first with and then without absorber in place. 


RESULTS 


Using the various absorbers mentioned, no trace whatever of a modified 
line in the positions to be expected was observed. Typical spectrograms ob- 
tained are shown in Fig. 1. For these spectrograms the target was of tungsten, 
giving the strong line WLa, and also the Lag line whose intensity is about 
one-tenth as strong. The copper K lines always appeared unintentionally on 
the same plate, due presumably to a copper focussing cylinder on the cathode. 
On certain of these prints even the very faint CuKas, a, line is observable, 
although its intensity is only about 1/600 that of the CuKa, line. 

The intensity of the modified line as observed by Ray was about 1/400 
that of the parent line. In these spectrograms shown in Figure 1 the intensity 


8 J. M. Cork, Comptes Rendus, Acad. Sci. Paris, 192, 153. 
‘ In a letter to the writer Mr. Ray mentions that 4 or 6 thicknesses of gold beater’s skin 
gave equally good results. 
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of the WLaz jline on the shielded part of the figure is about 1/6000 that of 
the unshielded WLa;. Now a line of the intensity of the WLaz line located 
in the region of general blacking on the plate might be somewhat obscured. 
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Fig. 1. Showing the absence of expected modified lines. 
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Fig. 2. Showing superposition of WLa;, a: 2 min. Exposure on general 


radiation exposure 20 hours. 


However, if the general blackening is not too strong it offers but slight hin- 
drance to the observance of relative intensities. This is illustrated in Fig. 2. 
In this figure after the exposure was completed with shield in place twenty 
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hours and then removed for two minutes, the whole plate was shifted along 
and the lines allowed to fall in the region of general radiation for a period of 
two minutes. One observes little loss in contrast. 

If the effect exists therefore, it must be of an intensity much less than that 
reported by Ray. Other experimenters’? have now likewise failed to observe 
the modified lines, although their existence has been confirmed by others.® 

This opportunity is taken to express appreciation to M. deBroglie for 
the generous facilities of his laboratory and to M. Thibaud and M. Duprés 
la Tour for their kind assistance during the first part of this investigation. 


5G. A. Lindsay, Nature 127, 305. J. H. Van der Tuuk, Naturwissenschaften 14, 308. A. J. 
O'Leary, Phys. Rev. 37, 873 (1931). 

6 Majumdar, Nature 127, 92. Ray states in his letter that the effect has been observed by 
Prof. Saha at Allahabad University. 
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STRUCTURE OF THE HELIUM ARC LINE 3888* 


By R. C. Gipss anp P. G. KRUGER 
PuysiIcAL LABORATORY, CORNELL UNIVERSITY 


(Received April 24, 1931) 


ABSTRACT 


The helium arc line (152s 4S, —153p *P°o.;,2)3888A, has been examined for struc- 
ture and has been resolved into the three components which are predicted by theory. 
The 1s3p *P*%,;,2 levels are inverted which is in agreement with previous results for the 
1s2p *P°o1,2 levels. The frequency differences in the present case are: 


vo, =0.192 cm“, v1.2 =0.165 cm7!. 


INTRODUCTION 


N 1927 Houston! reported the structure of the 1s2p *P°»1.2 levels. Later in 

the same year G. Hansen and P. G. Kruger? finished the analysis of the 
He arc lines 5876, 4713 and 4472, thus completing the term scheme for 
1s2p°P°o12 and 1s3d*D, 2,3. No attempt was made at that time to determine 
the structure of higher P° terms. 


EXPERIMENTAL 

The line 3888A 1s2s 3S, —1s3p *P°o 1.2 is one of the strongest lines of the He 
I spectrum and was easily excited in a metal liquid-air cooled Schiiler lamp. 
A Fabry-Perot interferometer with 5 mm, 8 mm, and 10 mm spaces between 
the mirror surfaces was used to analyze the line. Mirrors having a reflection 
coefficient of 92 percent were used so that the resolving power varied from 
0.775 10° to 1.55X10° as the distance between the mirrors was increased 
from 5 mm to 10 mm. 

RESULTS 
TABLE I. Components of the helium line 3888. 














Int. DN AX y Av 
10 0.0000A 0.000 cm} 
0.0247A 0.165 cm 
7 —0.0247 0.165 cm 
0.0298 0.192 em 


3 —0.0545 0.357 cm7 


Table I gives, in column one, the relative estimated intensities of the 
components as obtained from several microphotometer curves made from 


* The investigations upon which this article is based were supported by grants from the 
Heckscher Foundation for the Advancement of Research, established at Cornell University by 
August Heckscher. Acknowledgment is also made of the use of spectroscopic apparatus which 
was in part purchased by a grant from the National Research Council. 

1 Houston, Proc. Nat. Academy 13, 91 (1927). 

2 Published by G. Hansen, Ver. Deut. Phy. Ges. 10, 5 (1929). 
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various plates. The wave-lengths (assuming the strongest line zero), wave- 
length separations, frequency numbers and frequency separations are given in 
columns 2, 3, 4 and 5 respectively. 


Fig. 1 shows a microphotometer curve of one of the plates. 





Fig. 1. Microphotometer curve showing the structure of the He arc line 3888. 
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Fig. 2. Term separations for the first two members of the 1snp *P° series in helium, He I. 


Fig. 2 shows the term scheme for the 152) *P°o1,2 and 153p *P°o1,2 terms 
with respect to the 152s 3S; term. The relative separations of the two *P° 
terms are drawn to the same scale. 
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DISCUSSION 


It is interesting to note that the anomalous separations of the 1s2p *P° 
terms are no longer so anomalous in the 1s3p*P° terms. In the latter case the 
separations are more nearly what would be expected if the Landé interval 
rule were obeyed. Thus if the *P° term separations continue to become more 
normal in higher total quantum states the 1s4p*P° terms should have nearly a 
2:1 separation. 

Resolution of the structure of the line 3187A (1s2s °S,—1s4p *P°o12) 
would show whether the separation of the 1s4p%P° terms have a 2:1 ratio. 
Assuming that the rate of decrease of Avy » between the first and second mem- 
bers of this series of terms is continued to the third member, a value of about 
0.120 cm is computed for Avo» for the 1s4p%P°o1.2 terms. Thusif the 2:1 
ratio exists in the third member, the components of the 3187 line would be 
0.0082 and 0.0040A apart. The complete resolution of components lying as 
close together as this necessitates cooling the discharge in liquid hydrogen or 
preferably in liquid helium. It is hoped that some other laboratory in which 
these low temperatures are available will undertake to study the structure of 
this line. 

In 1926 Heisenberg’ calculated the separation of the 1s2p°P°o,,. term and 
obtained results which were later found to be in agreement with experimental 
results.':? It would be desirable now to have the 1s3p*P°»;,2 term separations 
calculated by quantum theory or wave mechanics to see if the agreement 
here is as good as in the previous case. 

A possible reason why the P° term separations in higher quantum states 
should approach the normal 2:1 ratio, is that in the higher quantum states 
the p electron is less tightly bound to the nucleus and thus the energy con- 
ditions in these higher states are more nearly like those in heavier elements. 
Furthermore the coupling of the mp electron to the 1s electron becomes 
weaker in the higher quantum states,—so that possibly with increasing m the 
interaction arising from the action of the orbital motion or the spin of one 
electron on the spin of the other becomes less effective in determining the 
internal ratio. 


’ W. Heisenberg, Zeits. f. Physik 39, 499 (1926), 
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RAMAN SPECTRA OF SULPHURIC ACID 


By Raymonp M. BELL AND W. R. FREDRICKSON 
PENNSYLVANIA STATE COLLEGE AND SYRACUSE UNIVERSITY 


(Received May 11, 1931) 


ABSTRACT 


Concentrated H,SO, gives a series of Raman lines which, with the exception of 
the 4566A line, decrease in number and intensity with a decrease in concentration and 
finally disappear. At the point at which the above lines vanish, a broad line (4817A) 
appears and persists in dilute solutions. At low concentrations the water bands are 
present. The 4566A line is present at all concentations of acid and increases in in- 
tensity with a decrease in concentration, but is missing in pure water. A line with 
the same wave-length (within experimental error) and intensity variation is found in 
H NOs, and it is suggested that the two lines have the same origin. 


AMAWN spectra have made possible a new approach to the study of con- 
ditions in acids at various dilutions. Rao! found that the Raman lines 
obtained from HNO; could be classified into the three following groups ac- 
cording to their behavior as the acid was diluted: (1) those due to the HNO; 
molecule, (2) those due to the NO;~ ion, and (3) those due to the water 
molecule. The lines of the first group decrease in intensity as the concentra- 
tion is decreased and finally disappear. The lines in the second group increase 
in intensity as the concentration is decreased, reaching a maximum at the 
concentration when the lines of the first group vanish, and then these lines 
also decrease in intensity. The lines of the third group appear as bands which 
first appear faintly as the acid is somewhat diluted and gradually increase in 
intensity and broaden as the concentration is decreased. The purpose of this 
paper is to present similar data obtained from sulphuric acid at various dilu- 
tions. A preliminary account of data has previously been reported in a letter 
to Nature.’ 

The method used to obtain spectrum was similar to the general method 
described by R. W. Wood,*—using a mercury arc. Most of the photographs 
were taken with a prism spectrometer, but plates were also obtained with a 
plane grating on the spectrometer table in place of the prism. The latter 
arrangement gave greater dispersion, but the intensity was, indeed, greatly 
reduced.‘ Definite traces of lines and bands were found at all concentrations. 
With the prism, most of the lines could be obtained with an exposure of three 
minutes and the strongest could be detected on plates of a minute exposure. 
The lines in Table I are all taken from plates with 30 minute exposure,— 


1 Rao, Proc. Roy. Soc. Al27, 279 (1930). 

2 Bell and Fredrickson, Nature 125, 895 (1930). 

3 R. W. Wood, Phil. Mag. 6, 729 (1928). 

4 Attempts were made to obtain Raman spectra with a small concave grating of 120 cm 
focus, but without success. 
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with experimental conditions exactly the same throughout. A fifteen hour 

















exposure with the grating gave the same intensity as the thirty minute 


prism exposure and those lines are listed in Table II]. The concentrations are 
measured in mol percent. That is, 50 percent concentration is one H2SO, 
molecule to one H,O molecule; 100 percent is the purest acid available, com- 
mercial 96 percent; and 0 percent is pure distilled water. The wave-lengths 
are accurate to 3A. The numbers in parentheses are eye estimates of the 
intensity of the lines. 
TABLE I. Raman spectrum of H.SO, (Prism). 
— , —_ a _ - 
Concen- 
tration | Wave-length in Angstroms 
(percent) | 
100 4585(1) 4506(1) 4542(4) 4470(3) 4438 (3) 
( 90 4566(1) 4542(3) 4470(3) 4438 (3) 
{ 80 4566(2) 4542(3) 4470(3) 4438 (3) 
| 70 4566(2) 4542(2) 4470(2) 4438 (2) 
60 4566 (2) 4542(2) 4470(2) 4438 (2) 
50 4566 (3) 4542(1) 4470(2) 4438 (2) 
40 4817 4566(3) 4542(1) 4470(2) 4438 (2) 
30 4817 4566 (3) 
20 4817 4750 to 4700 4566 (3) 
10 4817 4750 to 4700 4566 (2) 
0 4750 to 4700 
100 4276 (0) 4252 (0) 4224 (3) 4203(4) 4171) 4142 (2) 
90 4224 (3) 4203(3) 4171 (0) 
80 4224(3) 4203 (3) 
70 4224(2) 4203 (2) 
60 4224(2) 4203 (1) 
50 4224(1) 4203 (1) 
40 4224(1) 4203 (0) 
30 
20 4225 to 4175 
i 10 4225 to 4175 
0 4225 to 4175 





Notes. 4817 was a broad line or band at all times. 
4566 became broad at low concentrations. 


4750 to 4700 and 4225 to 4175, water bands, became sharper and less intense as 


concentration increased. 





| 
{ TaBLeE II. Raman spectrum of H.SO, (Grating). 

Concen- | 

tration Wave-length in Angstroms 

(percent) 
100 | 4585(1) 4566(1) 4540(4) 4470(3) 4440(2) 4279(0) 4225 (1) 
80 4566 (2) 4540(3) 4470(3) 4440 (2) 4225 (1) 
60 4566 (3) 4540(3) 4470(3) 4440 (2) 4225 (0) 
40 4566 (4) 4540(2) 4470(3) 4440 (2) 4225 (0) 

4225 (0) 


30 4566 (3) 4540(1) 4470(1) 4440 (1) 








4203 (2) 
4203 (1) 
4203 (1) 
4203 (0) 
4203 (0) 


From Table I we see that the lines found in concentrated HeSO, persist 
as far down as 40 percent. The lines given for 100 percent agree with the re- 
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sults obtained by Ganesan and Venkateswaran’ with concentrated HsSOx,. 
The intensity of all lines except the 4566 line decreases in intensity with a 
decrease in the concentration. The 4566 line, however, increases in in- 
tensity to a maximum and then broadens and decreases in intensity. The 
two water bands are in approximate agreement with the measurements given 
by others. It is interesting, however, to note the decrease in breadth and the 
sharpness of these bands at their first appearance at high concentrations. 
The origin of the 4817 line or band is uncertain. It makes its appearance when 
the other lines disappear and is always broad. The 4470 line is the only one 
which seems to indicate a shift in wave-length as the concentration is de- 
creased. On some of our plates there is a slight indication that this line has 
shifted slightly to the red. 

The lines obtained with the grating, as listed in Table II, are similar to 
those in the preceding one. Here even the 30 percent concentration shows 
some of the H,SO, molecule lines. The most striking thing about the grating 
plates is the change in intensity with concentration. The 4540 line decreases 
considerably in going from 100 to 40 percent, while the 4566 line increases 
correspondingly. 

Comparing the above results with those reported by others we find two 
interesting facts. (1) Several experimenters® working with sulphates find in 
all cases lines at 4552A and 4214A which they attribute to the SO; ion. Our 
plates fail to reveal these lines, not even the plates of very long exposure 
time. (2) Rao’ reports a line at 4567A which he finds at all concentrations of 
HNO. We also find a line at 4566A which appeared at all concentrations. 
Ganesan and Venkateswaran® give 21895 cm™ as the measurement for the 
same H.SQO, line and 21893 cm~ for the HNQ; line. Both of these lines in- 
crease in intensity with a decrease in concentration. Neither line appears in 
pure distilled water. We are inclined to believe that this close agreement in 
wave-length and variation in intensity with concentration is not fortuitous, 
but rather an indication that the two lines may have the same origin—per- 
haps a hydrated hydrogen ion. 

The experimental work described above was done in the Department of 
Physics at Syracuse University. 


5 Ganesan and Venkateswaran, Ind. Jour. of Phys. 4, 195 (1929). 

6 Mukherjee and Sen Gupta, Ind. Jour. of Phys. 3, 503 (1929). Hollaender and Williams, 
Phys. Rev. 34, 994 (1929). 

7 Rao, reference 1. 

* Ganesan and Venkateswaran, reference 5. 





























JUNE 15, 1931 PHYSICAL REVIEW VOLUME 37 


INVESTIGATIONS IN THE SPECTRAL REGION 
BETWEEN 20 AND 40u 


By JoHN STRONG* 
CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA 


(Received May 5, 1931) 


ABSTRACT 


An apparatus is described which is convenient for studying the optical properties 
of substances with reststrahlen having wave-lengths from 6 to 150u. A vibrationless 
support is described, the essential features of which are copied from the design of R. 
Miiller but the construction is simplified. The transmission of several gases was studied 
with reststrahlen having wave-lengths 20 to 334. SO. shows strong absorption at 
20.754. The reflectivity of SO: was tested and found to be zero at both 20.75u and 
8.74 where it has strong absorption bands. Gas absorptions from 20 to 334 are com- 
pared with the Raman indications. Transmissivities and reflectivities of various ma- 
terials are given for the spectral region 20 to 334. 8—MgO was found to have a 
reststrahlen near 234. Potassium iodide was found to be transparent to wave-lengths 
greater than 33u. 


HE region of the spectrum between 20 and 40y has not been as exten- 

sively investigated as the regions on either side, due to the lack of ma- 
terials having suitable optical properties for windows, dispersing prisms and 
filters. The use of various reststrahlen and gratings with open thermocouples 
(or microradiometers) has given us most of the knowledge we have of the 
optical properties of substances in this region. Recently, L. Kellner' has stu- 
died the transmission of paraffin (Kahlbaum M.P. 68°-72°C) and found that 
layers of 1.2 mm thickness are sufficiently transparent beyond 20y for use as 
thermocouple windows. This discovery materially decreases the difficulty of 
investigation in this region. 

Potassium chloride is transparent to 23u, potassium bromide to 30u, and 
potassium iodide to wave-lengths greater than 33u. The technique for grow- 
ing large crystals of these materials was developed by the author? at the 
University of Michigan. With these materials available the region now open 
for prism spectroscopy extends beyond 15yu by more than an octave of fre- 
quencies. The purpose of this present paper is the extension of our knowledge 
of the optical properties of substances in this new region. 

Schaefer and Matossi* have prepared a table of the reststrahlen bands 
which have well established wave-lengths. Several of these bands fall in the 
spectral region 20-40u and the present investigation was made with these 
bands. 

The reststrahlen bands are not as monochromatic as might be desired 
but this is compensated for by the abundance of available energy and the 

* National Research Fellow. 

1L. Kellner, geb. Sperling, Zeits. f. Physik 56, 215 (1929). 

2 John Strong, Phys. Rev. 36, 1663 (1930). 

3 Schaefer and Matossi, Das Ultrarote Spektrum, p. 60 (1930). 
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wide range of wave-lengths which are obtainable with the one technique. 
Wave-lengths from 6 to 150u are thus obtainable, corresponding to a fre- 
quency range of more than five octaves. 
THE APPARATUS 

A reststrahlen apparatus was devised for these experiments which was 
superior to older reststrahlen arrangements in the following ways. First, the 
crystal reflectors needed were of small size and, consequently, easier to obtain 
than the large crystals required for the old arrangements. Second, the transfer 
of crystals in going from one wave-length to another was a simple operation 
requiring only a few seconds of time and this operation did not disturb the 
air through which the radiations passed and thus it was possible to keep the 
air dry at all times. 
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Fig. 1. Diagram of reststrahlen apparatus. 


Fig. 1 is a diagram of the reststrahlen apparatus used for this research. 
Light from the Welschback mantle is reflected by the mirror, 1/;, into the 
reststrahlen apparatus through the circular hole, A,, where it subsequently 
passes, after reflection from the concave spherical mirror, 1/2, to a second 
circular hole, A». A crystal mirror, R;, covers this hole and reflects the light to 
the concave mirror, ./;, where it is returned for the second reststrahlen mir- 
ror, Re. After three (or four) successive reflections from reststrahlen mirrors 
and possibly one reflection from a metal mirror, the light is focused onto the 
receivers of the vacuum thermocouple, 7. The thermocouple is a compen- 
sated two junction type, with one of the junctions covered by a rocksalt plate. 
This thermocouple was made for me by Dr. C. H. Cartwright. The window for 
the thermocouple was a 1 mm plate of potassium iodide. 

For studying the absorption of gases, an absorption cell may be intro- 
duced into the radiation path between the mirror, 4/,, and the circular hole, Ai. 
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The housing for the reststrahlen apparatus is made from brass sheet laid 
over a framework of half inch square iron rod. This is mounted on a wooden 
support. The corners were sealed with beeswax to make the apparatus gas 
tight so the air might be dried with P.O;. The base of the housing was pene- 
trated by three adjusting screws (not shown) for each of the spherical mirrors, 
Me to Mg. The outside of the housing was covered with a layer of felt and to 
protect further the apparatus from temperature fluctuation, it was encased 
within galvanized iron walls. The insert, A, in Fig. 1 shows a cross section of 
one of the small brass cylinders which fit over the holes A, to As. This is 
drawn to a scale twice as large as that for the rest of the figure. The cylinders 
each have a lacquer window, L, stretched over their base. 

These lacquer windows are very transparent (96 to 100 percent) for waves 
longer than 20u and permit the air within the apparatus to be kept dry, 
when the reststrahlen mirrors are being interchanged. A paper ring on the 
top of each cylinder protects the mirrors from being scratched. 

Because the silver mirrors are not used on their optical axes, there is con- 
siderable astigmatism. This results in a large final image with smaller in- 
tensity than if there were no astigmatism. The illumination in the center of 
the final image will increase, however, as the size of the reststrahlen mirrors 
is increased. It is believed that since the reststrahlen surfaces used were each 
+ inches in diameter, the illumination of the thermocouple receivers was not 
greatly attenuated due to astigmatism. 

In order to have the galvanometer free from microseismic vibrations, it 
was mounted on a vibrationless support. This support was a simplification 
of the one designed by R. Miiller,t and was constructed in the following 


1” 


manner. Three triangular plywood boards, each }” thick and 11” on an edge 
were clamped and bored with six 2?” holes, two holes in each corner. (See 
Fig. 2). The two upper triangles were separated 20” and bolted together at 
this distance with three 2” brass rods, one at each corner, to form the swing- 
ing framework for the galvanometer. The top and bottom plywood triangles 
were fastened together by three 24” brass rods 3/32” diameter. These rods 
passed freely through the remaining 3?” holes in the middle triangle. The 
bottom triangle served for the base of the support while the 3/32” rods af- 
forded the necessary looseness of mechanical connection between the swing- 
ing framework and the earth. Three levelling nuts screw on the termini of 
the 3/32” rods below the bottom triangle. Four 10” pie pans are filled with 
transformer oil and stacked on top of the swinging framework to dampen 
oscillations. These pans were filled to the depth found by experiment to give 
maximum damping. The galvanometer was mounted on the middle triangle 
and above it on a tripod ballast was placed to make the period of oscillation 
of the support about two seconds. When this period is attained, the mechani- 
cal coupling is sufficiently loose to isolate effectively, the galvanometer from 
the horizontal components of microseismic vibrations. No protection against 


vertical components is necessary as these do not cause a spurious deflection 


4R. Miller, Ann. d. Physik 1, 613 (1929). 
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of the galvanometer. In order to clamp rigidly the support for making ad- 
justments, tapered pins are dropped along the side of the 3/32” rods in two 
of the holes in the middle plate. The swinging framework suffers a slight 
parallel displacement when these pins are removed but this does not affect 
the galvanometer adjustment. This support is conveniently housed on a 
corner shelf to shield it from air currents. 
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Fig. 2. Vibrationless support for galvanometer. 








In order to shield the Welschback mantle, W, from air currents, a lacquer 
film, Z, was stretched across the opening of the water-cooled chamber, C, 
which surrounds it. The radiations were taken off at nearly grazing incidence 
because the mantle was porous. Although the mantle material is quite opaque 
to waves 20—40u, the mantle at normal incidence, showed an absorption of 
only 70 percent for these radiations due to its porosity. 

The thermocouple receivers were blackened with a paint made from pul- 
verized mantle material and colorless lacquer. Tests showed that these re- 
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ceivers absorbed as much as when coated with a mixture of soot and water 
glass but the paint did not cause the receivers to curl as water glass did. 
THE RESTSTRAHLEN 


The table of Schaefer and Matossi is reproduced in part. This gives the 
method used for obtaining reststrahlen having wave-lengths of 20 to 33. 








TABLE I, 
Substance Numberof Filter E Literature 
reflections 
Quartz a 2.5 mm AgCl 20.754 18.0 H. Rubens and E. F. Nichols, 
* 12.0 Wied. Ann. 60, 418 (1897). 
Fluorite 3 5 mm KCl 22.9 u 6.0 H. Rubens Berl. Ber., 1915, p.4. 
Calcite 2 3 mm KBr 27.3 wu 8.0 H. Liebisch and H. Rubens, Berl. 
Fluorite 2 Ber., 1919, p. 876. 
Marble 4 29.4 pw 14.0 E. Aschkinass, Ann. d. Physik 
6.7 4.0 1, 42, (1900). 
Fluorite 3 0.4 mm SiO, 
1.2 mm KBr 32.8 uw 0.75 H. Rubens, Wied. Ann. 69, 576 


(1899). 














The numbers given in column E represent the observed galvanometer de- 
flection in centimeters for the various reststrahlen. A Leeds and Northrup 
high sensitivity galvanometer was used with the scale at 3 meters. In order to 
eliminate shorter waves as much as possible a soot filter was used and these 
values are for the energy transmitted by this filter. 

In the present experiments a 1 cm KCI filter was substituted for the 2.5 
mm AgCl filter recommended by Rubens and Nichols. This is justified by 
the transmission curves given by Rubens and Trowbridge’ for AgCl and KCl. 

In the present experiments, the 27.3u rays were not polarized as specified 
by Liebisch and Rubens and it was not possible to test the wave-length of 
the rays to find the effect of this omission. 

The 32.84 rays were apparently homogeneous for the transmission of a 
KBr plate. 1.2 mm thickness was found to be 68 percent while Rubens states 
that it transmits more than 3 of the 32.8u reststrahlen. 

Except for the 20.754 and 29.4y reststrahlen a rocksalt shutter of 3 mm 
thickness was used. For these reststrahlen both rocksalt and metal shutters 
were used. If Ey was the energyof both reststrahlen and A r was the absorption 
of the sample for this energy, then if E, was the energy passed by a rocksalt 
filter, i.e., the energy of the short reststrahlen, and A, the part of this energy 
absorbed by the sample, then, allowing 9/10 as the transmission of the rock- 
salt shutter for the short waves, the long wave (i.e. the 20.75 and 29.4y rest- 
strahlen) energy is (E7—£,/0.9) and the long wave energy absorbed by the 
sample is (A7—A,/0.9). 


5 H. Rubens and A. Trowbridge, Wied. Ann. 60, 724 (1897). 
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MEASUREMENTS 


Gases. The gases used for the present measurements were not especially 
purified. They were drawn from stock cylinders or were the vapors of chemi- 
cally pure liquids. The chief difficulty in obtaining consistent results was due 
to the variable concentration of vapor within the absorption cell. Benzene 
and CCl, were observed to wet the lacquer windows at times and this gives 
an indication that these liquids would, in all probability, be transparent. 
The values given in Table II are averages of four to eight independent runs 
taken on different days and are thought to be correct to about 2 percent. 
They are slightly different from some preliminary results published in a 
Letter to the Editor. These differences in some cases are due to additional 
data but for the wave-lengths 20.75 and 29.4u the differences are due chiefly 
to corrections for the transmissivity of the rocksalt filter used. 


TABLE II. Percent transmission. (Length of cell, 4 inches). 


] 


Pressure 
Material Millimeters 6.74 8.7u 20.754 22 .9u 27 .3u 29 .4u 32 .8u 
NHs; 760 24 26 79 93 83 82 62 
N.O 760 102 77 90 100 101 101 102 
CoH, 760 95 92 99 101 101 100 98 
H.S 760 97 98 98 97 92 90 83 
SO. 760 98 5 7 58 100 100 96 
CeHe 96 65 97 102 99 100 98 95 
CCl, 114 95 99 97 99 99 99 91 
CS, 361 30 98 100 86 98 99 96 
CHCl; 200 93 90 99 98 98 97 97 
(C.H5)20 526 17 6 61 45 69 71 61 





The gradual decrease of transparency for H.S and N3H at longer wave- 
lengths may be due to the short wave-length end of the pure rotation spec- 
trum. 

The only strong absorption band discovered in the new spectral region 
was for SO, at 20.754. This band agrees with Raman indications® and is 
possibly the third fundamental band for SO,. The strong absorption of SO, 
for both the reststrahlen of quartz is quite striking. The absorption cell filled 
with SO, cuts off these radiations almost the same as a metal shutter. 

R. W. Wood’ has shown that the mercury line 2536 is reflected by hot 
mercury vapor at a high pressure. He states “It appeared highly probable that 
if the molecular resonators were packed closely enough together, the second- 
ary wavelets which they emit, having a definite phase relation would unite 
into a single wave, and the scattered light would disappear, regular reflection 
taking its place.” Because of the strong absorption of SO, for the reststrahlen 
of quartz it was decided to test this hypothesis. High pressures should not be 
necessary on account of the long wave-lengths involved. Accordingly, a cell 
was fitted with a window of KBr and one of the quartz reststrahlen plates 
was replaced by it in such a way that there was reflection from the outer and 
inner surfaces of the window. The cell was connected to a vacuum pump and 


6 R. G. Dickinson and S. Stewart West, Phys. Rev. 35, 1126 (1930). 
7 R. W. Wood, Physical Optics, p. 429 (1929). 
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a tank of SO, by a three way stopcock so that it might be alternately evacu- 
ated and filled with SO, at a pressure of two atmospheres. No change, what- 
ever, in the galvanometer was observed when the cell was emptied and filled 
with SO.s. This seems to show that this gas does not reflect at either 8.74 or 
20.75. 

The results of Table II are in agreement with results of Rubens and von 
Wartenberg® for the 22.9u reststrahlen with the exception of CS,. For this 
gas, using a cell about 8” long, these authors get a value of 97.8 percent as 
compared with my value of 86 percent for a 4” cell. 

Coblentz® observes absorption bands at or near 6.7u for liquid CHCl; 
(0.16 mm layer) and CCl, (0.1 mm layer) which are not observed for the 
vapor with the 6.7y reststrahlen. 

For CCl, there is a Raman line corresponding to an active infrared 
vibration at a wave-length of 31.64 and for CHCI; there is a line correspond- 
ing to 27.93u. Also for (C2H;)2O there is a line corresponding to a wave- 
length at 23u. There is no corresponding absorption for the CHC1; line but 
the low transmission of ether at 22.94 and CCl, at 32.84 may be associated 
with the Raman indications. 

Optical properties of various substances. Lacquer films may be prepared 
by dropping a single drop of colorless brushing lacquer on a large water sur- 
face. The lacquer spreads out immediately and the amyl acetate evaporates 
leaving a tenacious film. These films are useful as windows for absorption 
cells and so their optical properties are of interest. Since the films are of the 
order of 1p thickness, there is no total reflection on account of the destructive 
interference between the energy reflected from the front and back surfaces. 
The absorption of a typical film is given in the first row of Table III. These 
films are so transparent that the reststrahlen are not seriously weakened in 
passing twice through four films, besides the sooted film over the first hole 
in the reststrahlen apparatus and the film over the Welschback mantle 
chimney. Values for a film covered with soot are also given in Table III. 


TABLE III. Percent transmission. 


Material Description 6.74 8.74 20.754 22.9% 27.34 29.44 32.8, 
Lacquer film Thickness of order of 
wave-length of visible 





light 96 97 98 9 99 100 
Mica 10u thickness 83 22 19 00 35 42 44 
Soot on 
Lacquer film Opaque to visible 25 22 67 53 60 67 60 
Amorphus 
quartz 10u thickness 86 01 03 51 55 68 
Glass 3u thickness 93 12 14 48 51 56 
Cellophane 25u thickness Ciga- 

rette wrapping 33 04 04 01 20 25 26 
MgO Deposit of fumes from 

burning Mg ribbon 88 86 04 02 90 93 87 
ZnO Deposit of fumes from 

Zn arc 99 80 15 05 93 79 80 


§ H. Rubens and H. von Wartenberg, Verh. d. D. Phys. Ges. 13, 796 (1911). 
® W. W. Coblentz, Investigations of infrared spectra, part I pp. 180 and 182. 
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Other possibilities for windows in this region are mica, quartz, glass and 
cellophane. Their transmissions are given in Table IIT. 

In a MgO deposit, we have an interesting absorption at 22.9u. It seemed 
from the results given in Table III that one might expect a reststrahlen for 
MgO near 23u. The Vitrofrax Corporation of Los Angeles supplied the author 
with some beautiful synthetic crystals of B-MgO with which experiments 
were made. There is no doubt but that this material showed a strong rest- 
strahlen near 23y as will be observed from its reflectivity given in Table IV. 


TABLE IV. Percent reflection 








Description of reflector 22 .9u 32.84 





Deposit of MgO from burning Mg ribbon 0 0 
Reflection 8 —MgO 80 33 
Galena 28 24 
Stibinite >16 — 
Mica 32 — 
Paraffin 04 — 
Pencil mark on paper 09 —- 

Soot coating 43 48 
Silver covered with; MgO coating 08 91 

|ZnO coating 01 52 

Optical black 31 - 
Gold foil blackened with bismuth >19 — 
KBr 04.3 - 
KI 05.5 — 
KBr+1.5u CaF, deposited by evaporation 10 = 


KI+1.5u CaF, deposited by evaporation 13 — 











It was not convenient to measure the reflectivity of B-MgO for the other 
wave-lengths but it was possible to substitute the magnesia for one of the 
reststrahlen plates and determine the relative galvanometer deflections. This 
gives the ratio of the reflectivity of MgO to that of the reststrahlen plate. 
Assuming 0.7 for the reflectivity of the reststrahlen plates we get the approxi- 
mate values for the reflectivity which are given in Table V. 
TABLE V. Percent reflection of B= MgO. 


8.74 20.75u 22 .9p 27.34 29 .4u 32.84 
10 49 80 42 35 33 
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~ 
.~ 











S. Tolksdorf'® reported the fundamental for MgO at 14.2u but since MgO 
has a cubic lattice and therefore only one reststrahlen, it does not seem pos- 
sible that the 14.24 absorption that he reports can be the fundamental. This 
point requires further investigation. 

S. Tolksdorf predicts, from the absorption spectrum of ZnO, that this 
material has fundamental absorption bands at 22 and 28u. The data in Table 
III give an absorption for one and not the other of these bands. An investiga- 
tion of the reflectivity of zincite is being made to clear up these points. 

Measurements on a KI crystal would indicate that a layer of this material 
2 cm in thickness would transmit 50 percent of the 32.8u reststrahlen. 


10S. Tolksdorf, Zeits. f. phys. Chem. 132, 161 (1928). 
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ON THE AXIAL ROTATION AND SPECTRA OF STARS 


By Ross GuNN 


NAVAL RESEARCH LABORATORY, WASHINGTON, D. C. 
(Received April 30, 1931) 


ABSTRACT 
Struve’s remarkable relation between high observed axial rotations of stars and 
their bright line spectra is considered theoretically. It is shown that the two phe- 


nomena are closely related to the same electromagnetic effects that account for the 
anomalous solar rotation. High electromagnetic winds, resulting from crossed electric 
and magnetic fields, account for the high apparent rotational velocity and transfer 
sufficient momentum to the star in the course of stellar time to account for the high 
true rotations necessary to produce fission. The large electromagnetic wind velocities 
require the presence of comparatively large radial electric fields and it is shown that 
these can add sufficient additional excitation energy to the atmospheric ions to pro- 
duce bright line spectra. Thus, high apparent axial rotations, high true rotations and 
bright line spectra in stars are intimately related and the existence of one, usually 
demands the presence of the others. An approximate expression is derived for the 
time rate of increase of angular momentum in a star. 


TWO recent papers,! Otto Struve has drawn attention to a remarkable 
correlation between the spectra of stars and their apparent rotation as de- 
rived from measurements of Doppler displacements. Dr. Struve points out 
that emission lines are found principally in the O and B type stars and that 
in these “Excessive rotations, estimated at ... (... 250 km/sec or more), 
are frequent. Apparently bright lines occur preferentially in stars having 
rapid axial rotation.” The very high peripheral velocities indicated by his 
observational data suggest that certain stars are rotating so fast that they are 
on the verge of division to form binary systems. This conclusion is in accord 
with statistical data on binary systems which show that most close binary 
systems are B type stars or later. In the following discussion we will assume 
that the internal constitution and atmosphere of a given star is not greatly 
different from that of our sun and show that Dr. Struve’s strange observed 
relations follow directly from a consideration of electromagnetic effects which 
we have shown to account for certain observed solar peculiarities. 


SUPERPOSED ELECTROMAGNETIC WINDS 


In a series of papers dealing with the electricity and magnetism of the 
sun? it has been shown that the observed variations of the apparent solar 
rotation with latitude, altitude, and time are readily explained in terms of at- 
mospheric motions superposed upon the body rotation of the sun proper. 
These systematic motions of the atmosphere result from the interaction of 


10. Struve, Astrophys. J. 72, 1 (1930); 73, 94 (1931). 
2 R. Gunn, Phys. Rev. 35, 635 (1930); 36, 1251 (1930); 37, 283 (1931); 37, 983 (1931); 37, 
1129 (1931). 
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crossed electric and magnetic fields with the atmospheric ions and we may 


express its magnitude u by? 


EXB 
u = (1) 
B*(1 + (R/X)?) 

where E£ is the radial electric field of the star at the observed level and B is 
the magnetic field (both quantities being expressed in e.m.u.), R the radius 
of the spiral generated by the moving ion, and A the mean free path. We will 
hereafter refer to this systematic superposed atmospheric motion of the ions 
as an “electromagnetic wind.” 

The electrical energy dissipated in the solar atmosphere is an appreciable 
fraction of the total radiated energy.*? This seems probably to be true in all 
stars having magnetic fields and indicates that stars with high surface tem- 
peratures (high radiation per unit area) are surrounded by a comparatively 
large radial electric field. Thus in O and B type stars with surface tempera- 
tures ranging from 35,000° to 12,000° electrical effects would be expected to 
be very important. We have no knowledge of the magnetic field of a star and 
can only suggest that its magnitude and distribution is not unlike that of the 
sun. If this is the true situation then we would expect the ratio of the mag- 
nitudes of the electric and magnetic fields in early type stars to be large and 
high velocity electromagnetic winds to result. Dr. Struve’s observation that 
excessive rotations are common in O and B type stars is consistent with the 
above conclusions. 


EXCITATION OF RADIATION BY ELECTRIC FIELDS 


Eddington® has concluded that bright line spectra in a non-nebulous star 
is evidence for the existence of “thunderstorms” in the atmosphere of the 
star, but he was unable to make his suggestion quantitative. We proceed to 
calculate the electrical energy added to an ion during its free path as a result 
of the presence of an electric field. An ion in the atmosphere of a star having 
electric and magnetic fields does not move in the direction of the electric 
field, on the average, but describes a cycloidal path and progresses in a direc- 
tion at right angles to both the impressed electric and magnetic fields.? Due 
to the presence of the magnetic field, an ion cannot acquire more than a 
definite amount of energy from the electric field, even if the ion describes an 
infinitely long free path. The mean energy W added to an ion by the electric 
field is given by? 


W = moult + u?/v?]!/? (2) 
while the maximum energy W,, is considerably more than twice as much or 
Wm = 2mou(1 + u/v) (3) 


where m is the mass of the ion, v the component of its initial velocity in a 
plane perpendicular to B the magnetic field and u the magnitude of the elec- 


3 Internal Constitution of the Stars, (1926). 
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tromagnetic wind given by Eq. (1). If we neglect the relatively less frequent 
case of successive collisions where an ion of initially large energy collides with 
another and starts it off with abnormally high velocity, we can express Eq. (2) 
in terms of the electromagnetic wind velocity u and the surface temperature 
of the star. Thus if we express W in terms of equivalent electron volts V, Eq. 


(3) becomes 
— u( 2mkT )*? u?m ]!? 
V= ———| 1+— (4) 
10%e 2kT 


where e is the electronic charge expressed in e.m.u., k the Boltzmann con- 
stant, and 7 the atmospheric or effective surface temperature. Table I gives 
the average increase in energy of an ion due to electrical fields in terms of 
equivalent electron volts, assuming that the initial energy of the ion when it 
starts its path is purely thermal. Many of the ions and electrons will have 
more than these energies and can produce additional excitation. 

It will not be necessary to discuss in detail the exact mechanism whereby 
bright emission lines are produced, for it should be clear from Table I that 
ions in the atmosphere of a star can absorb sufficient energy from the star’s 
electric field to excite bright line radiation. The table and Eq. (2) bring out 








TABLE I. Average increase in energy due to electric field. 


- — * 


Hydrogen ion Electron 


Surface Temperature Surface Temperature 
u km/sec 10,000° 20,000° 10,000° 20,000° 
10 1.74 volts 2.19 volts 0.031 volts 0.044 volts 
25 a 7 8.46 “ 0.079 “ S.a: 
50 28.8 “ ne * i * oa. * 
100 112. . 113. . G22 * 4 * 


clearly that the electrical excitation energy and hence the prevalence of bright 
lines increases rapidly with increase in the magnitude of the electromagnetic 
wind which is proportional to the apparent rotational velocity. Thus the 
theory that has been developed to account for the observed anomalies of the 
sun’s rotation leads directly to a quantitative explanation of Struve’s ob- 
served relation between high rotational velocities and bright line spectra in 
stars. 


ADDED ANGULAR MOMENTUM AND Bopy ROTATION 


With the possible exception of close binary stars in which the axial and 
orbital periods are identical, it seems impossible to determine the true rota- 
tional period of a star, either by observing the motion of its magnetic pole or 
by a determination of its departure from a true spherical form. We must have 
knowledge of the true body rotation in order to separate the various com- 
ponents of the motion and we are forced to assume that the initial rotation of 
a star is small and estimate the body rotation from the observed apparent 
motions, the physical properties of its atmosphere and its age. The directions 
of the electric and magnetic fields of stars are undoubtedly related to the 
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direction of their rotation in the same manner as those of the sun and earth. 
The electromagnetic winds therefore blow in the direction of the body rota- 
tion, but much faster, and add momentum to the star proper. Thus, we defi- 
nitely abandon the principle of the conservation of momentum in an evolving 
star. In connection with the sun this effect was considered? and it was shown 
that since the sun was formed, sufficient angular momentum has been trans- 
ferred to the sun proper by its own electromagnetic winds to account for its 
present axial rotation. 

The superposed systematic momentum of an ion in a star’s atmosphere is 
derived entirely from the radial electric field, and the magnetic field serves 
only to change the direction of the moving ion. The mechanism is therefore 
one for converting radial momentum into angular momentum. There can be 
no reacting momentum transferred to the star’s magnetic field by the mech- 
anism described, for the magnetic force on an ion is always at right angles to 
its motion and the magnetic field cannot transfer energy to the ion or the ion 
energy to the magnetic field. Momentum, therefore, cannot be transferred 
by this means and we are left to consider only the momentum transferred to 
a star by viscous forces between the star proper and its fast moving atmos- 
phere. This transfer of momentum is always in such a direction as to accel- 
erate the axial rotation and calculations indicate that in the course of stellar 
time the added momentum is adequate to increase the angular velocity until 
a star becomes rotationally unstable. 

The data available for a typical star are not sufficiently complete to war- 
rant a detailed calculation and in the following we shall make a rough calcu- 
lation which will serve to indicate only the approximate magnitude of the ef- 
fects. The electromagnetic winds of the star’s atmosphere transfer momentum 
to the star proper which we assume to be a semi-rigid gaseous body held to- 
gether by gravitational, radiative, and electromagnetic forces. The torque 7 
applied to the star as a result of the systematic motion of its atmosphere is 


, R du dQ 5) 
= f —_ = L.” 
— 





where 7 is the mean coefficient of viscosity of the transition layer between the 
atmosphere moving with a velocity u and the surface proper, A the effective 
areas in contact, Ry the radius of the star, du/dr the radial velocity gradient 
and dQ/dt the time rate of increase of angular momentum. It is clear from 
Eq. (1) that the superposed electromagnetic wind velocity u drops rather 
abruptly when the ion pressure increases sufficiently to make the mean free 
path \ as small as R, the radius of the spiral generated by the ion moving in 
the magnetic field. If the low lying regions of the star’s atmosphere are in 
gravitational equilibrium, then the difference in altitude Av, corresponding to 
a fractional change in the ion pressure of unity, is given by 


kT 
Ar = — (6) 
zhg 
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where & is the Boltzmann constant, 7 the temperature of the atmosphere, z 
its mean atomic weight, / the mass of a hydrogen atom, and g the surface 
acceleration due to gravity. The fractional change in the superposed velocity 
u in the interval given by Ar is also approximately unity so that we may write 


Au zhyM uy 7 
— = — (7) 
Ar kT R,?* 





where i is the superposed electromagnetic wind velocity in the observed re- 
gions of the star’s atmosphere, y the gravitational constant and M the mass of 
the star. 

The coefficient of viscosity 7 of the transition layer is 


(32hkT)?!? 
(Se (8) 
23/29? 

where o is the diameter of the gaseous ions or molecules according to kinetic 
theory. We assume that the effective area in contact is a ring around the equa- 
tor of the star of width Ro. Combining the foregoing relations and making 
obvious substitutions we have that the rate of increase in the angular mo- 
mentum of the star proper is 














dQ 3zh\!!? shyupRoM 
-((— = ) 
dt 2k7 o 
or if w, is the present value of the angular velocity 
1 ( 3ch )- shy Rouor (10 
w, =o —) ——— 0) 
"Xaver o?d? 


where w is the initial angular velocity of the star and will be set equal to 
zero, d is the radius of gyration of the star about its axis of spin and 7 is the 
age of the star. We have assumed a steady state and have made no attempt 
to allow for greater values of uo during the youth of the star or for its varia- 
tion with latitude. 

Now if Vo is the apparent or observed peripheral velocity of the star and 
wR, the peripheral velocity of the surface proper then Vo =#o+w,R»y and 


Vo 32h \!!2 shyRo?r 
scl E 4+ (—) —————= |, (11) 
No 2kT od? 


Numerical data for calculating Vo/m»o from Eq. (11) are lacking and we must 
assume that the star is of uniform density, its atmosphere is not unlike that of 
the sun and its age approximates 2 X 10”° sec. or the mean indicated age of all 
stars. Substituting therefore :=3.3; h=1.67XK10°-*% gm; k=1.37X10-"*; 
o=10-* cm; y=6.67 X10-°; r=2 X10" sec; d?=0.4R,? and for a typical B 
type star 7=15,000° we find Vo/u)=4.1 and therefore the true rotational 
velocity is roughly 3/4 the apparent observed value. A similar calculation for 
the sun yields 6.2 while the observed ratio is 4.0. It is clear from the results of 
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our calculation that, unless B type stars are much younger in actual years of 
existence than their state of evolution indicates the true rotations are large 
fractions of the apparent rotations and therefore many of these types of stars 
are on the verge of division to form binary systems. It seems clear that high 
electromagnetic winds necessarily produce high speed axial rotations in a star 
of moderate age and the calculations of the present paper are not in disagree- 
ment with Dr. Struve’s conclusion that many B type stars are almost rota- 
tionally unstable. 

The observed high apparent axial rotations in O and B type stars, together 
with the well established fact that close binary systems with few exceptions 
are B type stars or later, seem significant, and strongly suggest that stars in 
this period of their evolution divide as a result of a tremendous increase in 
their angular momentum. The increase in angular velocity appears to be ac- 
counted for by electromagnetic effects rather than by an increase due to con- 
traction of the star. The contraction of the star may play an important part; 
but there is great difficulty in accounting for the original angular momentum, 
and a mechanism to add momentum to the system must be provided some- 
where in the plan of stellar evolution. It seems quite possible that the above 
mechanism for adding angular momentum to a star represents physical reality 
but further supporting evidence is desirable. 

CONCLUSION 

Dr. Struve’s values for the apparent peripheral velocity of type B stars 
(approximating 250 km/sec) together with the present calculations suggest 
that the electromagnetic winds may have velocities of 50 km/sec or more and 
therefore in these stars the ratio of the magnitude of the electric and magnetic 
fields must be very large. The large electric fields are capable of adding con- 
siderable energy to the ions constituting the star’s atmosphere and emission 
lines should be observed. The very high superposed atmospheric motion of 
the star will, as well, transfer momentum to the star proper and we should ex- 
pect this stage of development of a star to be characterized by a large increase 
in angular momentum resulting ultimately in the formation of binary sys- 
tems. Statistical evidence supports this conclusion. We see therefore that high 
apparent axial rotations, high true rotations and bright line spectra in stars 
are intimately related and the existence of one usually demands the presence 
of the others. 
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THE NEUTRON 
By R. M. LANGER AND N. ROSEN 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
(Received May 12, 1931) 


ABSTRACT 


The writers point out that the postulation of the existence of the “neutron,” a 
combination of an electron and a proton, of small size and low energy would be very 
useful in explaining a number of atomic and cosmic phenomena. They find that a 
mathematical treatment based on existing theory leads to indications of such a state 
but no definite proof. 


I. INTRODUCTION 


T IS an attractive speculation to try to describe a process by which the 

various elements could be formed. In the present state of atomic theory it 
is really an anomaly that there are elements other than hydrogen; for no one 
has hitherto attempted to show that quantum systems could exist with the 
dimensions and energies appropriate to nuclei or constituents of nuclei. Our 
purpose here is to indicate how such systems may exist on the basis of wave- 
mechanics, and thus offer a way of describing the process of building up of the 
heavier elements. 

The present article is devoted to a discussion of a combination of an elec- 
tron and a proton of low energy and very small size which we shall speak of as 
the “neutron.” Such a particle, if it exists, must have a mass but slightly 
smaller than that of a hydrogen, a diameter of 10-" to 10-" cm, and energy of 
the order of magnitude of moc? (15moc? is an upper limit; mo =electron mass) 
less than that of hydrogen in order to account for observed phenomena. It 
seems proper to begin by pointing out reasons for the assumption of the exis- 
tence of a neutron and to show how it might help to explain certain phenom- 
ena. 


II. APPLICATIONS 


In most ordinary phenomena the effect of a particle like the neutron 
would be unobservable. It is small enough, for example, to penetrate material 
walls and therefore would not contribute to a gas pressure. Its only large 
scale property is its gravitational field. In atomic and cosmic processes how- 
ever, it can play an important role. 


1. The process of the increase of atomic number. 


In a universe whose initial state was a mass of free protons and electrons 
it is natural to imagine that the most readily formed combination would be 
that of ordinary hydrogen. This process has a large cross-section because the 
final state is comparatively large and because there is attraction at large dis- 
tances with the possibility of radiation always present to provide for the con- 
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servation of energy in the change of state involved. On the other hand, a sta- 
ble combination of two protons or two electrons would surely have to be of 
extremely small size because we know that down to very small separations 
the forces are repulsive. The latter fact decreases the probability of close 
collisions; and any radiation that might occur could only make the collision 
less intimate. The alternative process of simultaneous collision of at least six 
particles to form a complex nucleus is obviously unimportant even at high 
densities, as long as a suitable building process can be described which in- 
volves the collision of only two bodies at a time. 

Once hydrogen atoms are formed the way is now open for the building up 
process. The neutron as we describe it, is actually a low state of hydrogen so 
that in any hydrogen atom there is always a probability of transition into a 
neutron with emission of a high energy quantum. Due to its small size the 
neutron has a very small external electric field so that its long range influence 
is the gravitational attraction. At small distances there are of course further 
polarization attractions and possibly magnetic effects. Such systems will col- 
lide readily in spite of their small size because they are electrically neutral. 
Resonance, polarization or magnetic forces may then hold them together 
until a complex system is formed which by expulsion of some of its electrons 
might rearrange itself into a stable atomic nucleus. A neutron being small 
and field-free could penetrate outer shells of electrons and enter nuclei. 
The tremendous initial velocity which must be assumed in the usual picture 
in which protons or a-particles are added to one element to form a heavier one, 
is no longer required. The resulting configuration could well be a stable one 
but need not be the most stable. The measured values of packing fractions in- 
dicate a remarkable degree of stability in the ordinary nuclei. It may there- 
fore be that a close cluster of neutrons could lose energy by the expulsion of 
electrons to form nuclei. 


2. Cosmic radiation. 


There are two ways of distributing the energy which is released in the 
formation of helium. Either most of the energy is given out in the formation of 
neutrons from hydrogen and a smaller amount accompanies the rearrange- 
ment of the four neutrons into helium or else the formation of neutrons lib- 
erates a comparatively small amount, the remainder of the packing energy 
being radiated in a single quantum as the rearrangement occurs. In either 
case the radiation might be of the type of cosmic radiation as observed by 
Millikan and others. The second alternative however is entirely in agreement 
with the conclusion of Millikan as to the significance of his measurements. 
However, the gradual gathering of neutrons with a subsequent sudden transi- 
tion to a stable nucleus is much more agreeable than the assumption of a 
multiple collision by means of which this process is ordinarily supposed to 
happen. 


3. High density matter in stars. 


The usual explanation of the white dwarfs involving a high degree of ioni- 
zation of the atoms is not the only one. There are in fact great advantages 
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from this point of view in favor of our neutron. Being small it has a great 
mean free path and is comparatively insensitive to light pressure. It there- 
fore goes easily to the center of a gravitating mass. Being neutral and having 
an extremely small external field, it permits high densities to build up before 
it deviates appreciably from perfect gas behavior. Further, the possibility of 
high densities is not dependent on having a high temperature or pressure nor 
is there much danger of violating the Pauli exclusion principle by exceeding 
the maximum electron density for a given pressure. 


Ill. THEORETICAL TREATMENT 


If one naively examines the solutions of the ordinary Schrédinger equa- 
tion for hydrogen, one is inclined to wonder why, in addition to the ordinary 
states for quantum numbers, 2 =1, 2,3, - - - , there is no state for m =0. Since 
in general the solutions (for ] =0) are of the form: 


y ~ eo rin P(r) 


the wave function for this state, if normalized, would be a 6-function, zero 
everywhere except at the origin, so that this state would correspond to an 
electron which had fallen into the nucleus. Such a condition in view of the 
attraction between the two is by no means inconceivable. 

That this is unsatisfactory is at once evident. In the first place the energy, 
which is given by: 


W = Rh/n? 


would be infinite. In the second place, a simple calculation shows that the 
transition probability from a higher state to this one is zero in every case. 
From a physical point of view the state can therefore be considered as non- 
existent. 

However, the above considerations are too rough. The assumption of a 1/r 
potential must certainly be incorrect for small distances (for the infinity at 
the origin surely does not exist in nature). If then the potential deviates from 
1/r at small distances, it may well be that an atomic state exists correspond- 
ing to the one under discussion with low but finite energy, of small but not 
zero dimensions, and therefore with small but non-vanishing transition prob- 
abilities. 

As a better approximation one can consider the electron in a Coulomb field 
modified by a small correction term, for example, of the form }/r? (the singu- 
larity still remains however). One can think of this as an actual potential, or 
one can consider the relativistic Schrédinger equation for a Coulomb field, 
thus bringing in a b/r? term. 

If that is done, it is found without difficulty that for s-states (/=0), in 
addition to the usual solutions, there exist solutions corresponding to the 
second root of the indicial equation with energies given by 


E, = moc?[1 + a2/(n, + 4 — ( — a) '2)2)-12, 
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where a is the Sommerfeld fine-structure constant. These energies differ very 
little from the ordinary energies given by: 


Ey, = moc?|1 + a2/(n, + 4 + (4 — @?)'/2)2]-172 


for the next smaller value of 1, except in the case m,=0. For this case 2 is 
very low: 


E,. ~ 0.073moc?. 


7 


That is Ey is nearly moc? below the energy of a normal hydrogen atom. 

The wave functions corresponding to /: have singularities for r=0. They 
are quadratically integrable and hence would be acceptable according to the 
views of many physicists. However, the variational integrals turn out to be 
infinite and for this reason we reject them.' Incidentally these wave functions 
are not necessarily orthogonal to the usual ones of energy F. 

Another way of attacking the problem is to construct potential energy 
curves which differ inappreciably from e?/r for distances greater than 10-™ 
cm, but which have much steeper slopes in the range 10~-” to 10-'* cm and 
then flatten out and remain finite at the origin. With such potential functions 
one can obtain a low “neutron” state without appreciably changing the ener- 
gies of the higher hydrogen levels. However, setting up such a potential func- 
tion involves several arbitrary factors; and there are as yet no experimental 
data to determine them without ambiguity. Further development along this 
line is very intriguing but in their present state of uncertainty the authors 
feel themselves not bold enough to offer the results for publication. 


'R. M. Langer and N. Rosen, Phys. Rev. 37, 658 (1931). 
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GROUP THEORY AND THE ELECTRIC CIRCUIT* 
By NatHan How1tt 
NAVAL RESEARCH LABORATORY, BELLEVUE, ANAcostTIA, D. C., 


(Received March 20, 1931) 


ABSTRACT 

Electrical networks consisting of inductances, resistances, and capacitances form 
a group with the impedance function as an absolute invariant. That is, to a given 
impedance function there corresponds an infinite number of networks, any one of 
which can be obtained from any other by a special linear transformation of the in- 
stantaneous mesh currents and charges of the network. In this manner one may 
arrive at the complete infinite set of networks equivalent to a given network of any 
number of meshes. This is done by writing down the three fundamental quadratic 
forms of the network. Then a linear affine transformation of the instantaneous mesh 
currents and charges of the network results in the formation of new quadratic forms, 
the matrices of the coefficients of which represent a member of the group, i.e., an 
equivalent network. Instead of performing the substitutions, the three matrix multi- 
plications C’A C are used, one for each quadratic form, where A represents the original 
matrix, C the transformation matrix, and C’ its conjugate. It may be possible to ex- 
tend this theory to include continuous systems where the quadratic forms become 
integrals or infinite series and one deals with infinite matrices and infinite transfor- 
mations. 


N 1904, in an address before the Mathematics section of the International 

Congress of Arts and Science, Professor James Pierpont said, “The group 
concept, hardly noticeable at the beginning of the century, has at its close 
become one of the fundamental and most fruitful notions in the whole range 
of our science.”' And now this abstract notion of groups finds application in 
an important branch of physics—electric circuit theory. 

Considerable has been written on electrical networks and the impedance 
function,” but it has hardly been suspected that electrical networks formed a 
group with the impedance function as an absolute invariant and that it was 
possible to proceed in a continuous manner from one network to its equivalent 
network by a linear transformation of the instantaneous mesh currents and 
charges of the network. 

Before proceeding with the general m-mesh network it will be instructive 
to construct the quadratic forms and the impedance function for the two- 
mesh network with all three network elements present, shown in Fig. 1 

The elements Ay, pw and gy are the elements common or mutual to 
meshes 1 and 2. Ai, p11 and o;; are the fotal parameters of mesh 1, that is, 
they are, respectively, the total inductance, resistance and elastance of mesh 


* This is part of a dissertation presented to the Massachusetts Institute of Technology for 
the degree of Doctor of Science in 1930. 

1 J. Pierpont, Bulletin of the American Mathematical Society 2, 144 (1904). 

2 QO. Heaviside, Electromagnetic Theory, 1912, and Electrical Papers, 1925; J. R. Carson 
Electric Circuit Theory and the Operational Calculus, 1926; V. Bush, Operational Circuit 
Analysis, 1929. 
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1. Similarly, Avz, pox and ox, are the total parameters of mesh 2. The quantities 
2, and 72, are the instantaneous mesh currents, the arrows indicating their direc- 
tions. Let g; and g2 be the corresponding mesh charges, so that 
ty = dq dt (1) 
ic = dq2 dt. (2) 
The total instantaneous magnetic energy in the complete network is given by 
T = 3(Mau1 — Ana) ar? + BAae(d1 + ta)? + 3(A22 — Mie) ie? 
= 3(Aart1? + 2ieiiie + Agete”). 


(3) 


Similarly, the total instantaneous electrostatic energy in the complete net- 
work is given by 
1 


Ve = don — ogi? + $012(91 + g2)* 2(022 — O12)g2" (4) 
= doings? + 2or12q1G2 + o2292*). 











Fig. 1. General two-mesh network. 


Finally, the total instantaneous power lost in the resistances of the complete 
network is given by 


R = (pur — piz)ir® + prg(ir + t2)* + (p22 — pie) ite? 


(5) 
= pul” + 2pistils + pete’. 
In more compact notation, 7, V and R may, respectively, be written 
T= LY ik: jad yl (6) 
Vo = 22 junio jeg igh (4) 
R = Dine wei jis (8) 


Since Ajx=Axj, Cir =Cx;, Pjx =Px; it is readily seen that by giving j and 2 all 
possible values from 1 to 2 in any manner, Eqs. (6), (7) and (8) reduce to Eqs. 
(3), (4), and (5). 

It might be well at this point to generalize Eqs. (6), (7) and (8) for n 
meshes. This is done simply by changing the upper limit of the summation 
from 2 to n. For n meshes, then, these equations become 


T = DL" A jel jth (9) 
V = 32 ,"0 x9 19h (10) 
FF = SD i"pik Lj lh (11) 


where j and & take on all possible values from 1 to m, in any manner. 
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The quantities 7, V and F are the so-called quadratic forms* which are 
positive and definite. That is, they are positive for all values of the variable 
i or g, and they are zero when and only when all the variables are zero or 
when the corresponding parameters are all zero. The positiveness of these 
forms follows at once from physical considerations since the magnetic energy, 
the electrostatic energy and the power lost in the resistances of the network 
are positive quantities, and are zero when and only when all the currents or 
charges are respectively zero, or when the corresponding parameters are zero. 
These quadratic forms play an important role in dynamics, and significant re- 
sults are obtained from their positive and definite character. 

It is instructive to point out here that the coefficients of the quadratic 
forms (6), (7) and (8) may be obtained directly from certain matrices. Thus, 
the coefficients of the quadratic form (6) are contained in the matrix 


Air Ane 
Ai2 Age 


(12) 


and the form is obtained at once by writing 
Arti? + 2Wretite + Agste? 


which is, of course, 27°. Similarly, the coefficients of the forms (7) and (8), 
respectively, are contained in the matrices 

| O11 012 | | Pil Piz | 

(13) 
| O12 Fae | | Piz = Pa | 

Also, in the m-mesh case, the coefficients of the quadratic forms 7, V and F 
are contained, respectively, in the matrices 


— " 
] Au Are + + Aan || O11 Fi2** * Fin Pir Piz" * * Pin |} 
| Ais || 712 

7 , 
| | (14) 
. 5 . | ; ; 
| Ain i ie ' i Fin ** * Onn Pin : * Pran | 


From these matrices, the respective quadratic forms of the n-mesh net- 
work as well as the respective networks are readily constructed. 

The impedance function is obtained from the determinant of the network.‘ 
Thus the determinant of the network of Fig. 1 is 


Anup + pu + on ‘p Aiop + pi2 + O12/ Pp 
Aiop + pi2 + o12/P Azxp + p22 + o29/P | 


(1 


uw 


and the impedance function is obtained by dividing this determinant by the 
minor of the element in the first row and first column. Thus 


dD, 
Z(p) = —_——_—- —— . (16) 
Aoop + p22 + G22/p 


3 See M. Bécher, Introduction to Higher Algebra, 1927, p. 150. 
* V. Bush, reference 2, Chapter III. 
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It will be helpful first to consider the simple two-mesh network containing 
only two kinds of network elements shown in a, Fig. 2 
The parameters of the network are \;;=2, As2=1, Aig=1; pi =2, Por =2, 
pio=1, and thus the quadratic forms are 
T = 3(2i,° + 2isig + t2”) (17a) 
f= 1 (27;° + 2iyie + 222") (17b) 


and the matrices of the coefficients of these forms are 

















’ (18) 
1 1 1 2] 
Airhia=t Pe2-Pizel | Ail PirPrel AT “— ‘2294 \ 
2s ' ' — Pi2e23 Pee-Piz 
Q Pu-Paadf 2! a PP i2-| ¢ = vl 
12-1 | 2 
| 2 | 2 











Pus? P22-¥ 
£ ‘. :2 ~ Aie-5 


ae Ai2- “hp P22"3 
ry Aiz-g 









































Some members of the group of The minimal networks of the 
networks having impedance function 
p+4p +3 p?+4p +3 
Z(p) = — 5 Z(p) = hes 
p+2 Fig. 2. p+2 


Now perform the following linear transformations of the instantaneous 
mesh currents in the network 
fy = 2,’ 19a) 
11 li ( a 
lo = @o 11)" + dogia’ (19b) 
where the a’s are any real numbers, positive or negative. Substituting these 
values for 7; and 72 in the quadratic forms (17a) and (17b), we have 
[= 41 (2 oe 2a of 17) 0,” a (2do2 + 221099) iy te’ oe (49?) iz’? | (20a) 
F = 9 [(2 + 2d1 ++ 2a9,7)i,"? + (2d29 +4 4491099) i," ia + (2429?) ig? | (20b) 


Thus, the transformations (19) give the new quadratic forms (20). The two 
matrices containing the coefficients of these new forms are then 


| 2 aa 2a + do" ae2 + 21492 | | 2 a 2d21 a 2491? aoe ote 24210422 || | 


_ 





| (21) 


9 ’ 
| Ago + 21429 d22" | | A22 + 2421022 222” 
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These two matrices determine an infinite group of networks equivalent to 
the network shown in a, Fig. 2. The different networks are obtained by as- 
signing different real values to da and dz. Thus, for example, by giving the 
values of +1 and —1 respectively to ds; and dy, the matrices (21) become 
under these substitutions 


5 1 || 3 | 
— || |— Of}; 
| 4 2 ] | 2 
i, | (22) 
l } 
1 | 0 2 


From these matrices the parameters of the network are readily obtained. 
They are 
1 3 


Aun =—» Awv=1, Av=—; pu =—? pe = 2, pr =O 
4 2 2 


wn 


and the corresponding network is shown in 3, Fig. 2. It is a simple matter to 
verify the fact that the networks a and b of Fig. 2 have the same impedance 
function, namely, 


Z(p) = ——_——__ - (23) 


In the same way, by assigning different real values to da; and da», one can 
obtain the complete infinite group of networks having (23) for an impedance 
function. Thus, for example, all the networks shown in Fig. 2 have the same 
impedance function, namely, (23). These networks are some of the members 
of the infinite group of networks contained in the tensors (21). It is not diffi- 
cult to ascertain what values of a2; and des. in the transformation matrix will 
give these networks. 

Note that the networks a’-g’ are, respectively, identical with the net- 
works a-g, except that the branches in mesh 2 are interchanged. The former 
networks may thus be considered images of the latter. Mathematically, two 
networks with their branches in mesh 2 interchanged, are considered different 
networks, and to exhaust the complete infinite group of networks, both net- 
works and their images must be included. 

Note also that the networks d-g and their respective images d’-g’ are 
minimal networks. That is, they are the networks of the group containing 
the least number of network elements. These can be easily obtained from the 
tensors (20). Finally, note that it is unnecessary to go through the work of 
substituting (19) in (17) to obtain the matrices (21) of the quadratic forms 
(20). We merely make use of an important theorem on matrices, namely, that 
if we subject the x’s in a quadratic form with matrix A to a linear trans- 
formation with matrix C, we obtain a new quadratic form with the matrix 
C’AC, where C’ is the conjugate of C6 In open form, the matrix of the new 
quadratic form is obtained by multiplying the three matrices 


5 M. Bocher, reference 3, Theorem 1, p. 129. 
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Cu Cars * Cn |] |] Gir Gig * + * Qi | | Cir Ciz* + * Cin | 

1] ; | | : | F 

| 

C12 ade 21 | 
xX - x |} (24) 

1} 

, | 

fun 2 * 59 ** Coa aa 2 * * +2 Uy, Cni°**°*** Cnn I 


de, de 


which corresponds to the C matrix. Hence, using this matrix and the matrices 
(18), we obtain for the matrices of the transformed quadratic forms 


1 ade} 2 1 1 0 
x x (26a) 
O d22 1 1 | do, dee || 
1 ade2\ 2 1 | 1 QO | 
x x II ° (26b) 
Q dee. 1 2 de, d22 |\ 


Performing the multiplication of the matrices in (26a), we have 


2+ 2d + dei? dee + deide2 


doe F d2ide2 d22° 


(27a) 


Note that this is the left-hand matrix of (21), which was obtained from the 
transformed quadratic forms (20). In the same way, performing the matrix 
multiplication in (26b), we have 


2 + 2d - 2d2;" d22 + 2d2\do 


de9 a 2d2\d 29 2do0" | 


(27b) 


which is the right-hand matrix of (21). 

Thus, however complicated a network may be, and however numerous its 
meshes, a transformation (24) will give the complete set of equivalent net- 
works. Some of the networks of this infinite set may contain negative as well 
as positive elements. To obtain networks with only positive elements, it is 
necessary that the transformation matrix be such that the elements in the 
main diagonal of the transformed matrix are positive and greater than the 
corresponding non-diagonal elements. 

The infinite group of networks with all three kinds of network elements, 
namely, inductance, resistance and capacity elements, which have the same 
impedance function, are obtained exactly in the same manner. Now, however, 
the transformations are 


i, = i,’ (28a) 
ig = doit)’ + doot9" 
g= qi 
= Gi 
(28b) 


: = asigi’ + 2292 
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and we will have three matrices representing a network instead of two. Fig. 
3 shows some of the members of the group of networks having the impedance 
function 


11p* + 32p* + 649? + 60p + 40. 


ee (29) 


p(4p? + 4p + 8) 
2, tells us 


As before, the number of arbitrary constants, namely a2; and dye, 
the number of network elements which may be eliminated from the network 
without disturbing the invariance of the impedance function. Thus, for the 
two-mesh network containing three kinds of elements, the minimal forms 
will have, in general, seven elements. 


—T000- {7a “mel [eso 
Aud Pi-PaaS | Oezed Al | | Azz!! | O%-6i2-55 


a Ou-Oi25 §Pi2ed b PirPizeBi. PerPi2e¥ 
i Oi2+5 I 2 hed Del 2 





Z(p) = 




















ER tt kK 

ret “Mi2e2 \é Ons Aze-hi23\ 022-8} Ps OurS}AzeAi2e33 1 C2212 
Cc PurS Pe2=4 d Pe2+3 
g Aiz-l Ai2e3 

















Au raed Vor “S| Pe2g Oe 
é Airs 5 Aig 


| 2 
Some members of the group of networks having 
11p* + 32p3 + 64p? + 60p + 40 
p(ap? + 4p + 8) ) 
Fig. 3 








Z(p) = 


For the general case, then, of networks of any number of meshes contain- 
ing all three kinds of network elements, namely, inductance, resistance and 
elastance elements, we have the following three matrices which represent or 
definitely fix the network. 


| Au Arg - + Aan || | Pu Piz*** Pim || || Gin Gig** * Gin | 

- | } ; . 

| Ais ] || Pie , | Fiz 

! : | , os : ; . (30) 
} | 

| R , | } P : | ‘ . 

\| Ain stl sli Atl hl ) a i Pas ee OES Pnn i] , aa = = = > Trnn ii 


Making the following linear transformations of the instantaneous mesh cur- 
rents or charges in the network, we have 


iy = i,’ 

lg = Gari’ - de 22 ie St + + + dantn’ 
on i Bi - (31a) 

ae? Fated dal as 

tn = Qnity + Gnote + °° + Aantn 


for the currents, and 
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, 
a < 
/ / , 
2 = digi + doog2 + ++ + dangn 
, 
Qn = Gnigi’ + Ono’ + alata: + AnnQn 
for the charges. 
The three fundamental forms of the electric network of m meshes, whose 
coefficients are determined from the three matrices (31), are, respectively, 


T = ph" jKi jy (32a) 
F = 321 "pjxtjty (32b) 
i : 

Ve = 921" xg jk. (32c) 


The substitution of the transformations (31) in (32), results in three new 
quadratic forms, namely, 


— : rer 
[’ = SLi" jx Lj lk (33a) 
7 , pss 

FE" = le Lj Ux (33b) 
’ > a > 

Vi = 321"0jn'9;' 9x « (33c) 


The coefficients of these new quadratic forms, A;x’, pj,’ and o;,’ will of course 
be functions of the elements of the matrices (30) of the original quadratic 
forms (32) and of the a coefficients of the transformations (31). This has 
already been noted in the previous two-mesh example. 

The transformation matrix, which contains the coefficients of the trans- 
formations (31) may be written 


| 1 O- QO | 

7 d21 

C= . (34) 
_— 


The matrices containing the coefficients of the new quadratic forms (33) are 
of course 


Aa’ s+ Nan’ pi *** Pin’ | Oi * + * Cin’ 
a ‘ ‘ i ‘ . : (35) 
. . . . } . . 
Nin’ Saal i a” Pin’ mbes fast | Tin’ i Sea” 
These matrices contain the complete infinite group of networks having for an 
impedance function the impedance of the network of (30). The impedance 
function is thus an absolute invariant to a linear transformation of the in- 
stantaneous currents or charges of the networks in which the indicial current 
and corresponding charge are kept invariant. The matrices (35) include 
within them the matrices (30), which are obtained by the 7dentity transfor- 
mation, namely, 


® See also the Appendix. 
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11 = i,’ 


lo = lo 


“ “ 


, (36) 


i3 = 13 


“— -y 
. = tn 


The C matrix corresponding to this transformation is the identity matrix 


Se aw se el 
| 0 1 
| - 1 (37) 
} = 4 
|. ‘i 
WO-.-.-+---3 








As in the two-mesh example, the actual substitution of the transforma- 
tions (31) in the quadratic forms can be avoided by making use of the trans- 
formation theorem (24). Thus, the tensors (35) are obtained from the matrices 
(30), and the transformation matrix C (34) by the following matrix multi- 
plications: 














| 1 doi1° °° Ani || | Aun * * Aan |! 1 0 ---0O | 

1] . | | . . | | 

1] 0 d22 ° — . | Go; de2*** Aan 

| . | 4 | , . | xX i: . (38a) 
ae } |. yy: | 

1 QO don-** Ann Il i} Ain * * Aan II | Gani Gaz ** * Gan 

! | | Pil’ * * Pin | | 

| « | x ] x | « (38b) 
| Pin * * * Pnn 

| J feed | 

_ , ‘ . 

| . | x x || , | (38c) 
| Jin’ * * Onn I | | 


The result of the matrix multiplications will be the three tensors (35) where 
the elements \’, p’ and a’ are expressed in terms of the elements of the given 
network, A, p anda, and the elements a of the transformation matrix C (34).7 


7 The expressions for \’, p’ and a’ in terms of \, p and o and the elements a of the trans- 
formation matrix C may be expressed by the following summations: 


n 


, 
Ns = > 2 AridekArs 


r,s—l 
n 
, 
Pik = >. Arid skPrs 
r,s=l 
n 
, 
Ck = p Arid skOrs 
r sal 


where the summation may be carried out in any order. 

I am indebted to Professor E. A. Guillemin for these compact expressions which give the 
transformed parameters directly in terms of the given parameters and the elements of the trans- 
formation matrix. 
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The above network transformations have been made for the purpose of 
preserving the invariance of the driving-point impedance function. These 
transformations need not be so limited. Transformations may be made 
whereby the invariance of the transfer-impedance function is preserved. This 
gives rise to a new notion of equivalence, namely, equivalence with respect to 
a definite mesh. 

It has been noted that the number of arbitrary constants in the transfor- 
mation matrix determined the number of elements which could be eliminated 
from the network without disturbing the invariance of the impedance func- 
tion. Thus, the least number of elements necessary in any network to realize a 
definite driving-point impedance function, or a definite transfer-impedance 
function, can be readily determined. This is important because one can tell 
whether a communication network of any number of meshes has superfluous 
elements. 

Instead of imposing conditions on the a coefficients of the transformation 
to give minimal networks, it may be possible to obtain equivalence with re- 
spect to more than one mesh in a network; that is, to make the instantaneous 
currents in both the k-mesh and r-mesh, for example, invariant for the com- 
plete infinite group of networks. Finally, we may obtain equivalence with re- 
spect to, say, j-meshes, by using a still more general transformation. 

In the foregoing theory, we have limited ourselves to networks of a finite 
number of meshes, that is, to networks with » degrees of freedom. There is 
no reason physically why this theory cannot be applied to networks of an 
infinite number of meshes, that is, an infinite number of degrees of freedom. 
Here interesting problems arise which bear intimately on mathematical 
theory, acoustics, electromagnetic wave theory, elastic waves,—in short, all 
branches of physics involving oscillations. This is also true for the finite prob- 
lem, since the theory explained above can be applied to any physical vibra- 
tional problem involving a finite number of degrees of freedom, not merely to 
electric circuit theory. The latter province, however, appears to offer the most 
fertile soil for further investigation, and to provide a physical picture of the 
phenomena which occur. 

In the problem involving networks with an infinite number of degrees of 
freedom, we have to deal with matrices and tensors containing an infinite 
number of elements as well as with quadratic forms which are power series 
or integrals. The matrices containing the coefficients of the three fundamental 
quadratic forms will contain an infinite number of elements, as will the trans- 
formation matrix and the resulting tensors. But for a physical network of 
an infinite number of degrees of freedom, we know physically that the total 
instantaneous magnetic energy, the total instantaneous electrostatic energy 
and the total instantaneous power lost, are finite quantities. Hence the three 
fundamental quadratic forms, which are now power series or integrals, are 
properly convergent. Likewise, the linear transformations, which are linear 
forms of an infinite number of terms, have meaning, as have the infinite trans- 
fosmation matrices which contain the coefficients of the transformations. 
Finally, the resulting tensors, which contain an infinite number of elements 
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have physical meaning. They represent the complete infinite group of net- 
works of an infinite number of degrees of freedom, discrete or continuous sys- 
tems, which are equivalent in one or all the ways defined above. 

The network with an infinite number of degrees of freedom may be merely 
a continuous system such as the smooth transmission or communication line. 
Thus, not only may there be an infinite number of different terminal net- 
works which may perform the same function in a communication or trans- 
mission system, but also an infinite number of communication or transmission 
lines, which likewise may perform the same function. That is, there exists an 
infinite group of lines all of which have the same impedance function. 

It will be recalled that this investigation has considered essentially two- 
terminal networks. By the principle of superposition, it should be possible to 
extend the theory to networks of any number of terminals. This extension is 
important, since by means of it any section of a communication network can 
be removed and replaced by an equivalent section. 

In conclusion, it may be useful to suggest problems for further investiga- 
tion. First, it should be mentioned that the conception that networks form a 
group in which the impedance is an invariant may prove useful in simplifying 
many problems in network theory. Thus, for example, the solution for the 
instantaneous currents of a network of the group at once results in the solu- 
tions for the instantaneous currents of all of the infinite number of networks 
in the group, since these currents are obtained from the former by a simple 
linear transformation. Furthermore, the solution for the instantaneous cur- 
rents in one network in the group may be much simpler than for another; 
and there may be one network in the group for which the computations are 
least complicated. Hence, if it is necessary to obtain currents and voltages in 
one network, it may be simpler first to transform the network to an equiva- 
lent one, for which the computations are much simpler. This is already recog- 
nized, for example, when we transform from Y to A and vice versa in three- 
phase alternating-current network problems. Thus it is probable that sim- 
plification may result in operational circuit analysis by the above method. 

It should be noted that in the matrix multiplication which gives the tensor 
containing the complete infinite group of equivalent networks, the impedance 
function vanishes from the scene. This suggests the possibility that the notion 
of the impedance function, which is a special creation of the electrical engi- 
neer, may perhaps disappear in the future. What we have to deal with are 
networks, currents and energies; and while the impedance function may be 
helpful for visualization, it may not be necessary to obtain the final important 
results. 

As has been indicated, the problem of currents and charges in an electrical 
network is identical with the problem of velocities and displacements in a 
dynamical system. Although this is generally recognized, there is much in 
classical dynamic theory that remains to be translated in appropriate lan- 
guage for electric circuit theory. Many questions suggest themselves. What 
in electric circuit theory corresponds to the principal or normal coordinates 
in dynamic theory? Is it possible to eliminate the cross product terms in the 
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fundamental quadratic forms of the electric circuit, thereby giving expres- 
sions which are sums of squares of the currents or charges? If it is, can a 
physical network be built which realizes this? 

Problems of networks with an infinite number of degrees of freedom, equiv- 
alence with respect to transfer-impedance, equivalence with respect to more 
than one mesh, networks with more than two terminals—these have been 
merely intimated. Furthermore, it appears that mathematics does not dis- 
criminate against negative network elements, which seems to indicate that 
perhaps they may be realized physically, though not, of course, by coils, re- 
sistors and condensers. 

Finally, in the study of an electrical network and its response to an im- 
pressed electromotive force, one continually encounters many seemingly un- 
related branches of mathematics, such as (1) continued fractions, (2) Cauchy 
residue theory, (3) asymptotic series, (4) fractional and irrational derivatives 
and integrals, (5) group theory, (6) Fourier series and transforms, (7) integral 
equations, etc. It seems almost as if something were there, inarticulately try- 
ing to make itself understood. But perhaps it must await a modern Euler. 
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APPENDIX 


Consider the pair of quadratic forms representing, respectively, the in- 
ductance and resistance quadratic forms of an n-mesh network containing 
inductance and resistance elements: 


P(t ++ + tn) = La"Ajetjte (39a) 
Wi ++ tn) = Dy"pjatjte (39b) 


and form the pencil of quadratic forms 
op+y = Li™(AjeP + pjetjte. (40) 
The discriminant of this pencil! is the determinant of the network: 


D(p) = up + pit up + pi | (41) 
AinP + as © 2 AnnP + Pnn 


This is a polynomial which is in general of degree m and may be written 


8 Bell System Technical Journal, vol. 3, 1924, 

9 bid. 

1 Archiv. fiir Elektrotechnik, Heft 4, Band 17, 1926. 

1 Elektrischen Nachrichtentechnik, Heft 7, Band 6, 1929. 
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D(p) = A(dA)p" + AQ, p)p""! + As(A, p)p"™ 


where A(A) and A(p) are the discriminants of ¢ and y respectively, while 
A,(A, p) is the sum of the different determinants which can be formed by re- 
placing k columns of the discriminant of @ by the corresponding columns of 
the discriminant of y. 

Likewise, form the first minor of D(p), namely, 


| Asop + poo: ++ AgnP + Pan 
(43) 


Mult w ) 
AonP + Pon’ ** AnnP + Pun 


This may be written as a polynomial in general of degree n—1, namely, 
Miulp) = Mul(d)pe! + Mu (A,p) pp"? + ++ + Mir (p, )p + Mile) (44) 


Now it can be shown that the coefficients A(A)- - -A(A, p)---A(p) of D(p) are 
integral rational invariants of weight two of the pair of quadratic forms ¢ and 
y." Similarly, the coefficients 114,(A)--- MWii*(A, p)---AZi1(p) are integral ra- 
tional invariants of weight two. Thus it is that the linear transformations of 
the variables of the quadratic forms make the impedance function Z(p), which 
is the ratio of D(p) and M,,(p); that is, the ratio of two relative invariants of 
the same weight, an absolute invariant. The foregoing is true also of m-mesh 
networks containing all three kinds of elements, where we now have in addi- 
tion to the inductance and resistance quadratic forms, the elastance quadrat- 
ic form. Thus 


Z(p) = D(p)/Mii(p) (45) 


becomes under a linear transformation with matrix 














| 10---0 | 
| ] 
| do1** * Gan || 
_ (46) 
! | 
Il Qni** * Ann 1] 
10---0 2 
d21 den 
dni * * Ann D(p) 
Z(p) = —— — - ie (47) 
d22 en : M1\(p) 
GQn2°* * Ann 








D(p)/ Mi(p). 


% See M. Bocher, Introduction to Higher Algebra, 1927, p. 166. 
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ABSTRACT 


Positive ions of argon, neon and helium produced in a low voltage arc were 
attracted to a spherical metal collector by regulated potentials up to 140 volts. The 
resulting heating of the collector was measured by a thermal junction and found to 
be considerably less than the product of the current by the attracting voltage. After 
taking account of the energy scattering at collisions and of the effect of the secondary 
electron emission, the following values of the “accommodation coefficients” were 
obtained: argon 0.75 +0.05, neon 0.65 +0.05 (both between 21 and 141 volts), and 
helium 0.35 +0.05 between 21 and 51 volts and 0.55 +0.05 between 111 and 141 volts. 


HEN an attempt was made to measure the amount of energy $, de- 

livered to a metal electrode when a positive ion with no kinetic energy 
is neutralized at its surface,' collisions between the ions and neutral mole- 
cules within the sheath, and comparatively large electron currents were 
thought to be the principal factors complicating the calculation and interpre- 
tation of the results. By making measurements of the heat generated when 
positive ions were drawn to the collector by fields so large that practically 
no electrons could reach the collector, and by working with such low gas pres- 
sures that very few ions would make collisions within the sheath it was later 
believed possible to make these complicating factors negligibly small. Under 
these conditions, since the positive ions reaching the collector are believed 
to start at or near the sheath edge with only a negligibly small velocity,” $4 
should be easily obtained from the observed heating of the collector at two 
different negative potentials, if due allowance were made for the kinetic en- 
ergy of the ions acquired in passing through the sheath. Thus the heating 
effect H of a current of magnitude j* at a given accelerating potential V with 
respect to the space potential would be 


H = j+(V + $4) (1) 


and the difference between the heating effects at two different accelerating 
potentials V; and V» would be given by 


Hy; — Ho = jst(Vs + 4) — Jot(Vo + $4) (2) 
whence 


1 Van Voorhis, Phys. Rev. 30, 318 (1927). 
? Tonks and Langmuir, Phys. Rev. 34, 876 (1929). 
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_ (H; — Ho) — GstVs — jotVo) 





>, (3) 
ji* ni jo* 
All of the quantities on the right side of Eq. (3) could then be obtained experi- 
mentally by means of our apparatus. 

However, the results obtained from the application of this line of reason- 
ing led to the surprising discovery that the heat produced by the positive ions 
striking a collector and being neutralized at its surface, is much less than the 
equivalent of the kinetic energy which they should acquire from the attract- 
ing field. Though this deficiency in heating effect has recently been observed 
by Found’ and Giintherschulze,‘ they have ascribed it entirely to the effect 
which a large secondary electron emission would have upon the apparent and 
true values of the positive ion currents, and thus have assumed that the effect 
is only apparent and not real. 

Careful measurements over a considerable range of accelerating potentials 
and gas pressures in argon, neon and helium have led us to conclude that the 
deficiency in heating effect in these gases is entirely too large to be accounted 
for by secondary electron emission and consequently at least some of the 
neutral molecules and metastable atoms formed by the neutralization of the 
positive ions at a metal surface must have left it with energies much larger 
than would correspond to the temperature of the metal. This means that 
positive ions with fairly high velocities may be considered as having accom- 
modation coefficients less than unity just as the gas molecules have at much 
lower velocities or temperatures.® 

Some of our measurements have been made under gas pressure conditions 
such that the effects of collisions of ions with gas molecules within the sheath 
are no longer negligible; but when these results have been corrected by the 
use of Runge’s’ theoretical values for the scattering of ion energy by collisions 
with neutral molecules, they become, in general, fairly consistent with those 
obtained at the lower gas pressures and may therefore be used in testing 
collision theories. 


EXPERIMENTAL PROCEDURE AND CALCULATION OF RESULTS 


The observations were taken with apparatus of the same type as was de- 
scribed in detail in the earlier paper.' A schematic sketch of the parts in the 
discharge tube and of the electrical connections is given in Fig. 1. A low volt- 
age arc was maintained between the hot tungsten filament F and the anode A 
by applying a voltage from the battery Boe, this voltage being from 5 to 10 
volts higher than the ionizing potential of the gas in use. The collector C 
was a metal sphere in which was imbedded a very small copper-constantan 


3 Found, Phys. Rev. 34, 1625 (1929), 

4 Giintherschulze, Zeits. f. Physik 62, 600 (1930). 

5’ Knudsen, Ann. d. Physik 34, 593 (1911); 46, 641 (1915); Soddy and Berry, Proc. Roy. 
Soc. 84, 576 (1911); Langmuir, J. Am. Chem. Soc. 37, 425 (1915); Roberts, Proc. Roy. Soc. 
129, 146 (1930). 
® Runge, Zeits. f. Physik 61, 174 (1930). 
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thermocouple. In the measurements with argon and neon the collector was of 
molybdenum, 3.1 mm in diameter and with helium it was a 3.0 mm platinum 
sphere. 

The gases were carefully purified by arcs between “misch” metal cathodes 
and iron anodes in glass reservoirs on the vacuum system, before being ad- 
mitted to the discharge tube. Observations were made on repeated fillings of 
a given gas until the results from different fillings were quite reproducible, 
which condition was taken to indicate that no appreciable impurity was com- 
ing from the walls or metal parts of the vacuum tight discharge tube. 

Of the quantities on the right side of Eq. (3) jot and j;* were obtained 
directly from the readings of the Cambridge Universal Test Set used as A; 
in Fig. 1. To obtain Vy and V; it was necessary to find V,, the space potential 


— 
\ \ \ \, nN _ 
ene SE 
‘@ | B: mr B = 
ee 1A . 
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ey | 
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ey) Lagpeed lA. 
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HH Wi, 
| A ly 
| el. 1 | 
ww VT ATP Be 
b4(I(!|I|I 


Fig. 1. Schematic sketch of apparatus and arrangement of electrical circuits. 


with respect to the anode, by the usual method’ and add this to the applied 
potentials as given by V3; (Fig. 1). The quantity H7;—JJ) was obtained from 
the product of the heat capacity Q of the collecting sphere C and the rate of 
temperature change d7‘/dt of C immediately after its potential was changed 
from V, to V;. Since the temperature, starting at 7) when ¢=0, approached 
a final limiting value exponentially, 


T — To = (T; — To) (1 — e*) (4) 


where 7’ was the temperature at time ¢, e the Naperian base and a a constant 
dependent upon the existing experimental conditions. Then it follows from 


(4) that 
dT ’ 2.303 T; — To a 
- = a(T; — To), where a = — log ( (5) 
dt J 10 t T; — 7 


The data for calculating a were obtained by first noting the electromotive 
force mV of the thermocouple after the potential of the collector had been 


7 Langmuir, Gen. Elec. Rev. 26, 731 (1923); Science 58, 290 (1923); Jour. Frank. Inst. 
196, 751 (1923); Langmuir and Mott-Smith, Gen. Elec. Rev. 27, 449, 538, 616, 762, 810 (1924). 
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held at Vo long enough for it to reach a steady temperature. Then simultane- 
ously the collector potential was changed to V; and two stop watches started. 
As the temperature of the collector changed, the drum of the potentiometer 
was slowly turned so as to keep the galvanometer deflection as near zero as 
possible. At some instant when the deflection was exactly zero one watch was 
stopped and its time ¢; and the corresponding m V; were recorded, after which 
mV. was noted in the same way for time f, obtained by means of the second 
watch. As soon as the temperature became practically constant, which was 
generally about 5 minutes after fo, record was made of mV;. From these data 
two values of a could be calculated and their mean d@ was used in applying 
Eq. (5). 

In Table I are given typical sets of observations and the resulting quanti- 
ties obtained from various steps in the calculations. To obtain the tempera- 


rapie 1. Typical sets of observations and calculations for the molybdenum collector in argon 
at 0.1 mm pressure. 














1 | 2 | 3 4 | 5 6 | ? | 8 | 9 
Ve 0 | te mV'o Ty—To | | MH or | 
| th | mV T¢g—T: |} a la Ty —-Te)Q | 
ly | if” . 4 mV: ig=l | 1 | Q | MH/EW 
V | m\ a Ell 
Volts | m.a sec millivolts | = milliwatts 
20.0 | 0.354 0 7.653 | 25.31 | | | 
19.79 | 7.945 | 19.77 0.01248 35.97 11.39 
49.9 . 430 36.95 | 8.149 | 15.93 .01254 | 0.786 
1.5 | 9.007 | 01251 |} 14.49 
49.8 | 432 | 0 8.990 29.10 | | 
| 32.70 9.551 18.80 | 01338 36.18 14.06 | 
81.0 | .496 60.80 9.875 12.92 01336 751 
2 10.594 | | .01337 18.73 | 
81.0 | .498 0 10.582 30.18 | 
} 26.57 11.111 20.80 | .01401 36.42 15.32 
110.8 | .550 50.11 11.445 14.89 .01385 740 
1.5 | | 12.299 .01393 20.70 








ture differences given in column 5 the corresponding millivolt differences ob- 
tained from column 4 were divided by the millivolt differences per degree, 
of the electromotive force of the thermocouple at the corresponding tem- 
peratures. The temperatures and corresponding millivolt differences per de- 
gree were readily determined from two curves obtained by plotting against 
temperature on a large piece of graph paper, the values of mV and d(mV)/dt 
calculated at 20° intervals from the calibration equation of the thermocouple, 
m Vr =0.04007667 +0.00004344 7? — 0.000000022447°%. 

In column 7 the values of Q are the heat capacities in millijoules per de- 
gree for the corresponding mean temperatures. In column 8, ./// is the meas- 
ured heating effect in milliwatts obtained from the observations and calcula- 
tions, whereas E// is the expected heating on the assumption that all of the 
kinetic energy gained by the ions from the accelerating field would be deliv- 
ered to the collector in the form of heat, ¢, being neglected for the present. 
Thus the value of EH is found from the equation 


EH = jp*(V; + V.) — jot(Vo + V,). (6) 


In Tables II, III and IV are given the results obtained in argon, neon and 
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helium respectively. Column 1 of these tables gives the gas pressure and the 
assumed positive ion mean free path obtained by taking 2'/? times the kinetic 
theory value for the neutral atoms at the temperature in the discharge tube. 
In column 2 are given the values of the applied potentials (with respect to 
the space) after slight adjustment to make the voltage intervals exactly 30 
volts, the actual intervals used ranging between 29 and 31 volts since the po- 


PasLe Il. Results in argon 

















1  ) $ 4 $ ; § | 6 | 7 | 8 | 9 10 11 
Measured heating If current varies 
| Expected heating | as sheath area 
P | | } S/A S/X | Unmodi Corrected | MH/EH 
Ve} ma (L&B) R&M fied ee 
| | %=0 (6,=VWi-¢_] | $=0 '6,=l;-¢ 
20.6 | 0.106 | 0.068 same . 7 ; . | 0.061+ | } 
0.016 mmHg | 0.84") | 0.84") (0. 76" 045— | (4.45%) | 1.31% 
50.6] .142] 1.117 | * | .097 + | 
| 81 81 .76 1 02") | 1 oof 
|} 80.6] .169 154 | sa | 124 | ‘ 
7.8 mm 81 81 is} os! ” 94 
} 110.6 | .191 | .187 . | 146 | ' 
| | R0 | 80 | 78 | ost | o2f 
140.6} .211 217 | 1.166 | 
20.6 .261 103 | | | 217 
0.040 | 81 81 74 | .04— | 92 88 
| 50.6 329 | . 184 ° | | ; 2084 | 
| 80 «| 80 | .76 .88 84 
| 80.6 | 384 45 | ° | | 340 
3.15 ae 7 | 74 84 80 
110.6 | $31 297 | 387 
76 oe 74 . 83 80 
140.6 | .476 343 | * | .432 
} 21.5] .340 | 235 | . | | 277 
0.10 | 77 77 71 | .003— | 89 82 
} StS] .416 | 411 410 353+ | 
74 CO 75 | 70 | 84 80 
| 81.5 476] 1546 | 1545 | 413 | 
1.26 | | | | 73 | 74 | 0 | 82 -9 
111.5] .530 | 662 661 | 467 
72 75 | 72 81 78 
| 141.5] .580 766 765 | 517 
| 21.3] .250 680 679 200 
0.25 | | | | .69 70 .64 050— 82 74 
|} 51.3] .310 1.20 | 1.18 | .260 
68 | 71 .66 80 75 
81.3 362 1.59 | 1.55 | | 312 
0.505 | | 68 | 77 73 85 81 
111.3 409 1.92 | 1.87 | 359 
| | .67 sae 74 .96 .92 
} 141.3 | .450 2.20 | 2.14 400 
| 21.5 218 | 1.47 | 1.44 172+ | 
0.50 | | .69 a7 .70 .046— 1.00 .90 
} 51.5 209} 2.60 | 2.53 | 223 
bis a: Oe ; | .64 | .78 92 1.00 .92 
B1.5 | 320 .41 } 3.32 27 
0.253 | | | | 62 | ( .g7f ( 32 ‘ze uf a.o14) ( .944) 
111.5 | .373 | 4.05 3.93 327 
| | .63 | ( 924)! ( 97H) , | (1.007 ( 934) 
141.5 | .424 |] 4.56 4.40 | 378 








tential change was made by suddenly changing the position of the slider of 
a slide wire potential divider and the interval could not be exactly duplicated. 
The values of the measured currents in column 3 are adjusted to correspond 
to the potentials given in column 2. These adjustments were deemed advis- 
able in order to shorten the calculations involved in the corrections made as 
explained later, by making it possible to apply these corrections only to the 
mean values instead of to each individual result which was obtained under 

















- 














—— eS 





ACCOMMODATION COEFFICIENTS OF POSITIVE IONS 





1601 


conditions differing only slightly from those of the three to seven other similar 
results. However, the values of the ratios of the “measured heating” to the 
“expected heating” given in column 6 are the means of the four to eight 
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| 5 6 7 8 
Measured heating | If current varies 
Expected heating ~ sheath area - 
S/x Unmodi- | Corrected | | MH/EH 
(R&M)} fied Ss ee ‘een - sera 
o,=0 $4 =Vi-o| | =0 |¢,=Vi-@ 
|— ne ail 
same 130+ 
| 0.64 0.65 0.52 036 — 0.76 0.61 
| .537 180+ 
| 66 .68 .60 76 .67 
695 223 
.67 70 .64 77 71 
828 262 
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949 296 
424 370+ 
65 .66 56 .057— 73 62 
13060 470+ 
66 68 .61 73 66 
980 553 
65 .67 .63 72 | .66 
1.160 .630 
.05 .67 .63 ‘1 08 
1.33 .698 
1.07 | .3274 | 
61 64 .54 048 71 59 
1.85 .420 + 
60 .67 59 73 64 
2.45 500 
59 ( 744 .67 H ( .794 er iM 
2.92 | 583 
57 ( 744 674 )| cre) | 7H 
3.29 670 
TABLE IV. Results in helium 
5 | 6 | 7 8 | 9 | 10 11 
| Measured heating If current varies 
Expected heating as sheath area 
Bs Corrected MH/EH 
S/ Unmodi- Sa 3 a 
(R&M fied ane molcns m.a ¢,=0 |¢,=Vi-o 
ne . | wind = 
0.614 | 
0.36 0.38 | 0.18 Observed positive ion 
.970 Currents were quite 
.44 .48 34 nearly proportional 
1.22 to calculated 
44 .49 38 sheath areas 
1.41 
42 53 44 
1.57 
1.003 | O89 + | 
36 .40 | 22 .039- 50 .28 
1.68 139+ | 
.42 51 | 38 61 .46 
2.18 .181 | 
43 54 44 64 52 
2.47 220 
42 65 574 | ¢ 70) | ¢ .674y 
3.00 | 256 
2.01 117+ | 
.37 ( ss »s4#) | ‘oos—| ¢ 68) | ¢ .34/) 
3.46 179+ 
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4.32 232 
.40 ( 70) | 57 ( .e8)] ¢ .72) 
5.12 279 
.39 ( 2! | 794 (1 oo# } sof) 
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ratios calculated from the actual observations and are not modified in any 
way. 

In columns 4 and 5 are given values of the collision numbers or the ratios 
of the sheath thickness S to the mean free path A. The sheath thicknesses 
used in column 4 were obtained on the assumption of no collisions within the 
sheath, i.e., by means of Langmuir’s equation,’ and Langmuir and Blod- 
gett’s® tables, for spherical collectors. The collision numbers in column 5 have 
been obtained by correcting the sheath thickness for the slowing up of the 
positive ions by the collisions within the sheath, in accordance with some re- 
cent unpublished work of H. P. Robertson and P. M. Morse, assuming that 
the same fractional shrinkage in thickness takes place in the sheath around 
the spherical collector as would take place in the sheath of an infinite plane, 
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Fig. 2. Potential distribution curves, B from space charge equation (no collisions), and 
S from assumption of kinetic theory collisions between elastic spheres. For the case of a large 
plane electrode. 


for which case the Robertson and Morse calculations have been made. In 
Fig. 2'° the solid line gives the distribution of potential for collision numbers 
up to five and the dashed line the potential distribution for the same sheath 
thicknesses if there were no collisions. Thus the difference in abscissas of 
points having the same ordinate on the two curves gives the shrinkage effect 
resulting from collisions of ions with neutral molecules within the sheath. 

In column 6 are given the mean values of 1//7/EH obtained in the manner 
described above in connection with Table I. The values given in column 7 
were obtained by correcting for the energy so scattered by collisions of the 
ions with gas molecules within the sheath that it would not be expected to 
8 Langmuir, Gen. Elec. Rev. 27, 449 (1924). 

* Langmuir and Blodgett, Phys. Rev. 24, 53 (1924). 
10 Published here with the kind permission of Robertson and Morse. 
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be delivered to the collector. On the assumption of collisions between elastic 
spheres of equal masses, half of the scattered energy will be delivered to gas 
molecules on the average, and half will be retained by the ions." All of the 
energy retained by the ions and part of the energy received by the gas mole- 
cules will reach the collector and be delivered in full to it if the accommoda- 
tion coefficient be unity. However, a part of the energy received by the gas 
molecules will be so directed as to miss the collector, i.e., if collisions take 
place at a distance PN, Fig. 3, from the spherical collector no neutral mole- 
cules receiving velocities directed at an angle from the normal PN greater 


p 


Fig. 3. 


than the grazing angle @ will deliver any of their energy to the collector (ex- 
cept as the result of further collisions, and it is assumed that this would just 
balance the loss of energy from within the grazing angle, resulting from the 
same cause). 

To calculate the fraction of energy, called hereafter F(Z), which should 
not be expected to reach the collector, Runge’s* theoretical results were used 
in the following way. Values of R sin 6 (from Runge’s Fig. 3) were plotted as 
ordinates against 6, R being the energy radius vector and @ the angle with 


TABLE V. Fraction of total energy directed outside of given angles with original 
direction after from 1 to 5 collisions. (Obtained from Runge's results). 



































Number of collisions 
Angle 1 3 P 

0° 1.000 1.000 1.000 1.000 1.000 
10 .941 .968 .973 .980 .988 
20 .780 .874 .905 .932 .944 
30 .558 .734 .799 .855 .872 
40 .346 .569 . 688 .752 .781 
50 .176 .410 .531 .636 .674 
60 .065 .272 .395 | 515 55 
70 .015 . 164 .278 .396 .45 
80 .002 .089 .190 . 290 ae 
90 .000 .043 .120 . 200 .26 








1 Compton and Langmuir, Rev. of Mod. Phys. 2, 211 (1930); Runge, reference 6. 
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the direction of the electric field, i.e., with the direction of the energy at the 
time of the first collision. We then integrated with a planimeter the areas 
bounded by the zero ordinate, the curves and the 10° interval abscissa lines 
and from the integrated values found the F(£) directed outside of given graz- 
ing angles after from 1 to 5 collisions. The results thus obtained are given in 
Table V and plotted in Fig. 4, which has also a plot of the grazing angles from 
points up to 2 mm distant from our 3.1 mm diameter collector. 


) 
e 
| 





| | 
Distance from Sphere inmm (Curve 6) | 
Ql j 6 8 10 12 14 16 IB ' 
0 9 8 7 6 5 4 3 y i 0 
Fraction of Energy Directed outside a Given Angle with the Field 








Fig. 4. Curves 1, 2, 3, 4 and 5 shew fractions of energy directed outside of given angles 
with the field direction after from 1 to 5 collisions respectively. Curve 6 is a plot of grazing 
angle against distance from the 3.1 mm collector. 


In applying these results we have followed Runge’s assumption that it is 
legitimate to take account of the scattering of the total energy gained in the 
whole field between sheath edge and collector by considering piecemeal the 
energy gained in each A of distance and the scattering of this energy at sub- 
sequent collisions on the way to the collector and then taking the sum of the 
residual energies at the collector as being the total effective applied potential. 
Thus, for example, in argon at 0.25 mm pressure (see Table II) with 111.3 
volts applied potential the collision number was 1.87 and with 141.3 volts it 
was 2.14. To calculate the effective potentials (hereafter called EP) it was 
necessary to obtain from the curves in Fig. 4 the grazing angles recorded in 
column 2, Table VI, corresponding to the distances from the collector given 














ACCOMMODATION COEFFICIENTS OF POSITIVE IONS 1605 


in column 1 and the F(£)’s directed outside of these grazing angles after col- 
lisions, as tabulated in columns 3, 4 and 5 of the same table. Then the poten- 
tials with respect to the sheath edge at the various integral A distances from 
the collector were obtained from the solid potential distribution curve of 
Fig. 2, the potentials found being tabulated in columns 6 and 7 of Table IV, 
whose columns 8 and 9 give the potential differences for the whole \’s and the 
outside fraction of \ and also, in parentheses, the EP’s found by applying the 
values given in columns 3, 4 and 5 to the potential differences given in 8 and 9 
in the following way. 


TABLE V1. Quantities involved in the illustratory example of the calculation of the 
effective potentials. 


























1 | 2 | 3 s | s | 6 | 7 | 8 | 9 
fo  Fract ion of energy | p ‘al | P . 
Distance | directed outside of | ; sie + sonra 
from Grazing | grazing angle ae seer weg 
collector | angle | 1Col. | 2Col. | 3 Col. | Sheath edge (Effective P.D.) 
0 90.0° 000 .043 12) | 141.3 | 111.3 |P (129.5) ‘seated 
AMX | 73.2 | .137 25 | Total E.P. 
.50X 59.7 075 81.1 | 71.8 
87 | 50.6 | .169 | .399 | | (80.4) | (71.2) 
1.00X 48.9 | .205 .434 60.2 39.5 39.5 
1.14. | 46.8 | .224 | .457 | | 56.6 | (33.3) 
1.87 38.5 | .376 | 0.0 (46.6) | 
2.00A 37.4 | 397 3.6 | 3.6 
2.14. 36.2 | .422 | 0.0 | (2.5) 

















Consider first the potential difference in the first \ distance from the col- 
lector. On the assumption that collisions are equally probable all along the 
path but that all the ions collide once and only once in the distance A, calcu- 
lations based on a ten-step division of the first \ for several values of A, and 
the resulting potential distributions and energy directions as obtained from 
the application of the curves in Figs. 2 and 4, showed that the total F(£) 
received by neutral molecules so directed as to miss the collector is given very 
accurately by 1/9 the F(E) lost to such molecules at collisions at a point 
0.5A from the collector. Consequently 81.1 (1—.075/9) or 80.4 and 71.8 
(1—0.075/9) or 71.2 are the EP differences in the first \ of our examples. 
For the fractional loss of the energy applied in the second X, if the F(£) curve 
for first collision and the potential distribution curve were straight lines we 
would take 0.5 X0.5 the mean of the fractions at \ and 2A, the one 0.5 factor 
to give the mean applied potential between \ and 2A and the other 0.5 factor 
to take account of the fact that only half of this F(£) is carried by molecules. 
However, here again ten-step calculations showed that the factor 1/9 should 
be used instead of 1/8 because of the curvature of the above mentioned curves. 
For the fractional loss in a given A of the energy gained outside this A the frac- 
tion } was used because the F(£) curves for more than one collision do not 
differ so greatly from a straight line. Consequently 56.6 [1 — (0.397 +0.205) /9| 
[1 — (0.434 +0.043), 4] or 46.6 was found to be the EP in the second XJ of 
our 141.3 volt case. To obtain the effective part of the potential applied in 
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the outer fractional A part of the sheath a slightly different method of calcu- 
lation was used as will appear from the following examples: 


0.14 _ 0.86 _ ’ 
3.6, 1 —- (0.422 + 0.397) — —— (0.397 + 0.224) | = 3.07 
9 4 


0.457 + 0.137 0.14 7 
s.07(1 -- - ) 1 — ——(0.25 + 0.12) | = 2. 
4 4 J 


t 
wm 


and 


0.87 0.13 7 
39.5} 1 — ——(0.376 + 0.205) — ——(0.205 + 0.169) | = 36.8 
9 4 


_ 





0.87 : 
36.8 | 1 — ——(0.399 + 0.043) | = 33.3 
4 


Thus the total EP’s whose energy may be expected to reach the collector are 
129.5 and 104.5 volts instead of the actually applied voltages 141.3 and 111.3 
respectively, and the use of the former instead of the latter to calculate the 
expected heating changed the ratio of ./// to EIl from 0.67 to 0.77. By this 
method of correcting for the amount of energy to be expected to reach the 
collector all the results tabulated in column 7 of Tables II, III and IV were 
obtained. 

When, instead of using the assumption that ¢,=0, the Schottky” as- 
sumption that ¢,= V;—@_, where V; is the ionizing potential of the gas, is 
taken into account the results are changed from the values of column 7 to 
those of column 8 (Tables II, III and IV). 

After our experimental tube had been set up and most of the data taken, 
there came to our attention the work of Oliphant" and of Uyterhoeven and 
Harrington" which showed the presence of a fairly large secondary electron 
emission from negative collectors under conditions somewhat similar to ours. 
The effect of the secondary electrons would be to make the heating of the col- 
lector less than would be expected if all the measured current were carried by 
positive ions. Since we were not able to measure the secondary emission from 
the collector directly, although measurements made with an auxiliary Mo 
plate and Ni collector (added to the discharge tube for this special purpose 
and not shown in Fig. 1) similar to those used by Uyterhoeven and Harring- 
ton" showed less than 1 percent secondary emission from the plate under the 
conditions of our experiments in argon and less than 2 percent in neon (no 
measurements being made in helium) we have thought it best to show what 
would be the effect upon our results of secondary electron emissions of about 
the same magnitude as reported by these investigators. In accordance with 
Found’s suggestion that for different negative collector potentials, other dis- 
charge tube conditions remaining the same, the positive ion currents to the 
collector should be proportional to the sheath areas while the secondary elec- 


2 Schottky, Ann. d. Physik 62, 143 (1920). 
13 Oliphant, Proc. Roy. Soc. 124A, 228 (1929); 127A, 373 (1930). 
4 Uyterhoeven and Harrington, Phys. Rev. 36, 709 (1930). 
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tron emission, since chiefly due to metastable atoms, should remain practic- 
ally constant, we found by the trial and error method, values of positive cur- 
rents quite accurately proportional to the sheath areas (recalculated for these 
smaller currents) when we subtracted some certain constant value from our 
measured collector currents, these constant values being in general fairly rea- 
sonable ones for the secondary electron current when compared with Oli- 
phant’s," and Uyterhoeven and Harrington’s™ results. In column 9 of Tables 
II, Iff and IV are tabulated the current values obtained in this way. The 
value followed by a negative sign and recorded between the first and second 
positive values is the assumed value of the secondary electron emission for the 
given discharge condition, since it was the necessary constant amount to be 
subtracted from the measured currents to give positive ion currents propor- 
tional to the corrected sheath areas. The last two positive ion current values 
in argon are slightly higher than they should be on this theory but this could 
be accounted for by the fact that under the existing conditions the secondary 
electrons would produce an appreciable amount of ionization within the 
sheath. To obtain results consistent with those for the higher accelerating 
voltages some of the measured currents in neon and helium for the lowest 
potentials used (about 21 volts) had to be increased by from 1 to 12 percent, 
amounts practically the same as those obtained by extrapolating the plots 
of the logarithm of the current against applied voltage, used in determining 
space potentials, and thus may be ascribed to the fraction of electrons having 
random energies greater than about 21 volts. The current values marked with 
a superscript c in column 3 are the ones so corrected. 

The calculations made as for the results given in columns 7 and 8, Tables 
II, If] and IV but using the positive ion currents given in column 9 instead 
of those given in column 3 led to the ratios of measured heating to expected 
heating (or accommodation coefficients) given in columns 10 and 11 for @, =0 
and ¢, = V;—@_ respectively. 


DISCUSSION OF RESULTS 


Of the results given in columns 7, 8, 10 and 11 of Tables, II, III and IV the 
ones enclosed in parentheses are probably rather inaccurate, the ones with 
the superscript E being uncertain because of poor experimental conditions, 
the ones with superscript F are probably too high because the secondary 
electron current given by Found’s assumption is unreasonably high in this 
case, and the ones with superscript /7 being probably too high because an as- 
sumption used in determining the fraction of energy not to be expected to 
reach the collector leads to a value for this fraction which is increasingly too 
high as the mean free paths become shorter, and the collision number in- 
creases. The assumption in question is the one given in parenthesis on page 
1603 in connection with Fig. 3. Thus the nearer the point P is to the collector 
the greater will be the excess of molecules given direction outside of PT when 
struck by positive ions at P, but which later strike the collector as a result 
of collisions with other molecules, over those going outward across PT after 
being given directions inside PT when struck at P, since the distances which 








1608 C. C. VAN VOORHIS AND K. T. COMPTON 


the former must go before getting completely away from the collector are 
considerably greater than the distances the latter must go to reach it. 

A study of the remaining values of the results shows that in helium the 
“accommodation coefficient” (hereafter referred to as A) increases as the 
positive ions are given higher velocities. This is in accord with the observa- 
tions of Kingdon and Langmuir” that helium ions penetrate to a considerable 
depth into the metal which they are bombarding, an effect which would in- 
crease with increasing energy of the ions. In argon there appears to be no 
increase in A with increasing energy of the ions and in neon the effect is only 
very slight and we have neglected it in determining the mean values given 
for this gas in Table VII. 

TaBLeE VII. Summary of mean values of ‘‘accommodation coefficients.”’ 

















Argon Neon Helium 
Column | —— | ———-- 
| Average | | Average | re , 
| Mean | variation | Mean variation | 21 to 51 V | 111 to 141\ 
7 =| 0.770 | 0.023 0.674 | 0.019 | 0.40 | 0.56 
8 725 .029 591 | .038 . 20 | 47 
10 .875 .056 .740 | .022 .50 70 
11 .825 | .047 .659 .033 .28 56 
Estimate | | 
of true 
value 0.75+0.05 0.65+0.05 | 0.35+0.05 | 0.55+0.05 


In this table are given the means of the undoubtful values given in 
columns 7, 8, 10 and 11 of Tables II and III along with the average variations 
from the means. These average variations from the means are given not be- 
cause we believe them to be a measure of the absolute accuracy of the results 
but because they give a concise method of showing the constancy of the re- 
sults obtained under the four different assumed conditions on which the cal- 
culations of the four columns were based. 

As judged by constancy, the results in argon would indicate that the ac- 
tual secondary electron emission from the collector under our experimental 
conditions in this gas was probably considerably less than the approximately 
25 percent given by Found’s* assumption, and thus are in accord with the 
finding of only about 1 percent by our direct measurements of the emission 
from the auxiliary plate. Though the assumption of positive ion currents pro- 
portional to sheath areas gives in general reasonable values for the secondary 
electron currents the following considerations indicate that it is probably only 
an accident that the assumption does give such results. That the positive ion 
current is not controlled by the sheath area as given by the space charge equa- 
tion but by a much larger volume, is certain. First, it is easily shown that the 
electrons, which penetrate within such sheaths surrounding our collector, 
could produce at most only a very small portion of the positive ions which 


% Kingdon and Langmuir, Phys. Rev. 22, 148 (1923). 
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are actually observed. Second, recent work of Langmuir,"” and Tonks and 
Langmuir® has shown that, whereas most of the potential drop is within these 
sheaths, the positive ions which are collected are formed within a much larger 
volume. Hence there is no reason for believing that positive ion currents 
should be accurately proportional to such sheath areas, and hence the as- 
sumptions which underlie columns 10 and 11 of Tables II, II] and IV appear 
to be unjustified. The values and discussion are included principally to illus- 
trate how moderately large secondary electron currents would affect the re- 
sults, if present. 

Though the actual boundary of the region from which positive ions are 
drawn to the collector, is shown by the above considerations to be far out- 
side of that given by the space charge equation, the latter value is not far 
from the boundary of the region into which any appreciable number of ex- 
ternal electrons penetrate, and the greater part of the potential drop is be- 
tween this boundary and the collector. Consequently we believe we are justi- 
fied in using the space charge equation values for the sheath thicknesses in 
our calculations of the deflections and energy losses at collisions. 

By carefully considering the various factors involved and the effect which 
changes in the assumed values of ¢, and secondary electron emission have 
upon the results, we arrived at the estimates given for the true values of A 
for argon, neon and helium positive ions given at th: bottom of Table VII. 
These values are of the same order of magnitude as the values of A found by 
IXnudsen® for cool gases striking a hot filament. 

The “Umladung” effect described by Kallmann and Rosen,'? Penning and 
Veenemans,'* and others, i.e., the taking of an electron from a neutral mole- 
cule by a positive ion, the now neutralized ion retaining practically all of its 
kinetic energy and the new ion starting with negligible velocity, would in- 
crease the values of A slightly for the conditions giving the larger collision 
numbers but this effect would probably not be greater than the 0.05 possible 
error given in our estimates, particularly in argon for in this gas we have 
values for conditions under which collisions within the sheath are practically 
negligible. 

That the energy given up by positive ions which have been attracted to a 
metal collector by a field should be less than the total kinetic energy of the 
ions is to be expected from the explanation of the mechanism of cathode 
sputtering advanced by Kingdon and Langmuir," and from the observations 
of Oliphant’ and others on the reflection of positive ions and metastable 
atoms, and the probability of the formation of metastables in the neutraliza- 
tion process. If all of the observed deficiency of energy transfer were due to 
the formation of metastable atoms all of which left the collector with the 
velocity of the positive ions from which they were formed, this deficiency 
would give a measure of the production of metastables in the neutralization 


16 Langmuir, Phys. Rev. 33, 954 (1929). 
17 Kallmann and Rosen, Zeits. f. Physik 61, 61 (1930); 64, 806 (1930). 
18 Penning and Veenemans, Zeits. f. Physik 62, 746 (1930). 
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process. However, it is very improbable that the conditions are so simple as 
this. 

velocity of the positive ions from which they are formed, this deficiency would 
give a measure of the production of metastables in the neutralization process. 
However, it is very improbable that the conditions are so simple as this. 

In conclusion we wish to point out that although there is some uncer- 
tainty in the exact values of the accommodation coefficients for argon, neon 
and helium positive ions as found by us, our measurements seem to show con- 
clusively that they are all considerably less than unity and consequently con- 
clusions which have been reached on the tacit assumption of the unity value 
need revision to take account of the actual, smaller values. 

Since the values of the accommodation coefficient found for neutral mole- 
cules> becomes more nearly unity as the molecular weight increases and since 
the values found by us for ions are of the same general order of magnitude as 
those found for the neutral molecules, it is suggested tentatively that the 
values for mercury and other heavy ions are nearly unity. Also the value of 
A is likely to depend somewhat upon the factors which affect the surface con- 
ditions of the metal such as the gas pressure, purity of the gas, roughness of 
the surface, and kind of metal. 

Our thanks are due Mr. Donald C. Archibald for his help in the experi- 
mental work of this paper. 
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ABSTRACT 

The time interval between the time of appearance in a condensed spark dis- 
charge of the arc lines 4678A, 4722A, 4811A (2°Po2—23S;) of zinc, 4680A, 4800A, 
5086A (2°Po. —2°S;) of cadmium, the air lines 4347A, 4631A and 5001A was measured 
visually, using the Kerr cell method developed by Beams. A photographic method 
was developed whereby it was possible to determine from photometric measurements 
the variation of the intensity of an individual line with the time after the beginning of 
the spark. The time of first appearance, or zero intensity, is inferred from the extrapo- 
lation of the curves showing the intensity as a function of the time. The arc lines of 
zinc appear simultaneously. The arc lines of cadmium appear simultaneously but defi- 
nitely earlier than the zine arc lines. The air lines appear simultaneously but earlier 
than the arc lines. The spark lines appear simultaneously but earlier than the arc 
lines and later than the air lines of the respective elements. The results of the visual 
and photographic methods do not agree. Neither method gives information that in the 
case of zinc or cadmium, an electron remains in the 2°; state for a longer time before 
dropping to the 2°P» state than before dropping to the 2°P; or the 2°Pz state. 


INTRODUCTION 


N 1925 Beams and Brown,! making use of a modified form of the electro- 


optical shutter of Abraham and Lemoine,? measured the time intervals 


between the appearance of spectral lines in the spectra of condensed dis- 
charges. This early work indicated that in the elements examined, the spark 
lines appeared before the arc lines. Since the appearance of this first paper, 
several experimenters* have extended the work to other elements. In the ele- 
ments that were examined in common by various investigators the numerical 
values for the time difference between the appearance of individual lines did 
not agree and in some cases the observed order was different. In the case of 
multiplets, Beams found different lines of the same multiplet appeared at 
different times, while Locher found that members of a given multiplet ap- 
peared simultaneously within the limits of error of the experiment in all cases 


examined except in the case of the arc triplet of zinc. 








The actual existence of these time lags in the appearance of spectral lines 


has since been questioned by Gaviola.® He believes that the basic assump- 
tions made by the experimenters, namely, that the Kerr cell discharges in- 


! Beams and Brown, J.O.S.A. & R.S.I. 11, 11 (1925). 

2? Abraham and Lemoine, Comptes Rendus 130, 245 (1900). 
3 J. W. Beams, Phys. Rev. 28, 475 (1926). 

4 Gordon Locher, J.0.S.A. & R.S.I. 17, 91 (1928). 

5 Gaviola, Phys. Rev. 33, 1023 (1929), 
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stantaneously a certain time after the beginning of the spark, that oscilla- 
tions, if present, have no appreciable effect on the operation of the shutter, 
and that the capacity in parallel with the spark gap does not modify the time 
at which the Kerr cell discharges, are incorrect and measurements based on 
them unreliable. 

The purpose of this investigation was to make a comparison of the results 
obtained by the use of a visual method similar to that employed by other 
experimenters*' and the results obtained by use of a photographic method, in 
which the order of appearance of the spectral lines is inferred from the ob- 
servations on the way in which the intensity ef the individual spectral line 
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Fig. 1. Diagram of apparatus. 


varies with time. By use of the latter method it is possible to eliminate the 
sensitivity of the eye which is a controlling factor in the visual method. In 
order that the results might have a possible interpretation as atomic phenom- 
ena, the spectral lines, 4678 2*P»)—2*S,, 4800 2°P, —2°S,, 5086 2*P.— 2°S;, of 
cadmium and 4680 2°P,— 2*S,, 4722 2°P; —2*S,, 4811 2°P.—2'S,, of zinc were 
selected for the major part of this investigation. In the above triplets the 
transitions are from the same upper level to different lower levels, so the 
difference in the length of time that an electron remains in the 2°S; state be- 
fore the transition takes place to the 2°Po, the 2°P; or the 2*P, state could be 
measured. In addition to the above lines the spark doublet 5337 3°D3;,.» 
—#F35, 5378 3°Ds2—-4Fr2 of cadmium, the spark doublet 4912 3°D3). 
—4F;,., 4924 3°D;..—4°F;,. of zinc and the air lines which were excited when 
the discharge takes place between metallic electrodes in air at atmospheric 
pressure, were investigated. 


APPARATUS AND EXPERIMENTAL METHODS 


Fig. 1 gives a diagrammatic representation of the apparatus used in the 
present experiment. It is essentially the same as that used by previous inves- 
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tigators. A fixed light path of 14.69 meters was used. A spark gap F with a 
capacity in parallel was connected across a source of high voltage 7\. The 
electro-optical shutter consisting of the two Nicol prisms NV; and N» and the 
Kerr cell K, was placed between the spark gap and the spectrograph. The 
source of high voltage was a 25,000 volt 1 KW transformer. Electrodes of 
various shapes were tried in the spark gap, the shape finally selected being 
that of the frustrum of a cone, so that the discharge was actually taking place 
between two circular parallel faces. This type of electrode gave very steady 
spark conditions over quite long periods of time. The Kerr cell consisted of 
two parallel brass plates 12 cm long, 1 cm wide and separated at a distance of 
3 mm, immersed in carbon disulphide which had been carefully purified. The 
shutter ordinarily was closed except when sufficient potential was applied to 
the Kerr cell, then the liquid became doubly refracting and light could pass it. 

The circuit FC in Fig. 1 contains the condenser C, a certain amount of 
inductance in the lead wires, and the spark gap F, hence the discharge of the 
condenser C through the gap will be oscillatory. The circuit K F contains the 
KXerr cell, the trolley wires W and the spark gap F, this circuit being directly 
connected to the circuit FC, so oscillations are undoubtedly present in it. 
These oscillations if of sufficient amplitude, would reopen the shutter after 
having closed when the original voltage had fallen to so low a value as to make 
the shutter inoperative. The discharge of the Kerr cell will not be as sudden as 
was originally supposed, but its rate of discharge will be determined some- 
what from the superposition of the oscillations in the two circuits. The oscilla- 
tions can be critically damped by insertion of the resistance R,, this reducing 
the rate of fall of voltage on the Kerr cell. Nevertheless it is possible to damp 
sufficiently these oscillations without delaying the closing time of the shutter 
appreciably, since it is well established that the relative difference in phase in 
the components of the ray vibrating parallel and perpendicular to the electric 
field is given by 

6 = 2rBIE* 


where B is the Kerr constant and @ the phase difference. Now the amount of 
light passing the prism N, at any given instant will be 


IT = A sin? 6/2 = A sin? (rBlE?). 


Since the intensity of the light passing the shutter is proportional to the 
fourth power of the voltage, it is thus possible to damp sufficiently these os- 
cillations and yet not delay the closing time of the shutter. The value of R» 
was found experimentally using a method employed by Lawrence,® that of 
observing the smallest distances of migration of the metallic vapor from the 
electrodes. The value of the damping resistance thus found was 2800 ohms 
(1400 ohms being placed in each lead from the spark gap to the Kerr cell). 
The effect of this damping resistance was quite evident, for when values of 
several hundred ohms less than 2800 ohms were used, oscillations were pres- 


§ Lawrence and Dunnington, Phys. Rev. 35, 396 (1930). 
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ent, when values of several hundred ohms greater than 2800 ohms were used, 
a noticeable decrease in the rate of closing of the shutter was observed. 

In Fig. 1 the light from the spark gap was rendered approximately parallel 
by the lens 1; and was reflected from the concave mirror \/,, whose focal 
length was 7 meters, this converging beam was reflected by the right angle 
prism P through the lens Le, the Nicol prism .V, and focused between the 
plates of the Kerr cell. The lens L; focused the beam after passing through the 
Nicol prism NV, on the slit of a constant deviation Gaertner spectrometer, so 
that the length of the spark was parallel to the slit. A number of diaphragms 
were placed along the light path and at each end of the Kerr cell so that only 
light which passed through the Kerr cell between the plates was focused on 
the slit. 

An important modification in the optical path was the introduction of the 
auxiliary light path P\/.1/;L,P),in order to adapt theapparatus to the photo- 
graphic method. The part of the converging beam which passed the prism P 
was reflected by the plane mirrors J. and J/; and the right angle prism P, 
and was focused on the slit of the spectrograph by means of the lens Ly. It was 
thus possible to have two spectra formed on the plate one directly above 
the other, the one formed by light which had passed through the Kerr cell and 
the other formed from the light which came directly from the spark gap. This 
modification was of utmost importance in the intensity measurements for it 
was thus possible to determine whether or not the spark conditions had 
changed appreciably during the time that was necessary to obtain a complete 
set of exposures. 

Visual method. In the visual method in which a fixed light path was used, 
the time of closing the electro-optical shutter was regulated by changing the 
effective lengths of the four parallel wires which connect the spark gap with 
the Kerr cell, by sliding the trolley 7 along them by means of a string passing 
over a rather complicated pulley system and operated from the observer's 
position. When the trolley 7 is adjusted so that the effective length of wire 
path is as long as possible the intensity of the line under investigation is at a 
maximum for this particular time of closing of the shutter. If the position of 
the trolley is now adjusted so that the length of the wire path is decreased, 
finally a position is reached where the spectral line is no longer visible; this 
position of the trolley is noted. In a similar manner when the direction of 
motion of the trolley is reversed, a point of first appearance of the spectral 
line is located, which will differ slightly from the first position. The mean of 
the two positions is taken as the position of first appearance of the line, where 
the appearance of the line as used here means the position at which the line 
has become visible through the observing apparatus. The fall of potential pro- 


' a 
duced by the passage of the spark is propagated along the wire to the Kerr 


cell at approximately the velocity of light,’ so that the difference between the 
times of appearance of two lines is approximately the difference between the 
lengths of wire as determined above, divided by the velocity of light. 


7 Fred Allison, Phys. Rev. 30, 66 (1927). 
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Photographic method. In the photographic method the observing tele- 
scope was replaced by a camera attachment converting the spectrometer into 
a spectrograph. The optical path was modified as previously described. The 
exposures on the plate were obtained by setting the trolley at a definite posi- 
tion and taking an exposure, then moving the trolley a known distance and 
taking a second exposure, and so on until five or more exposures had been ob- 
tained on each plate. Since the lengths of trolley wire between the spark 
gap and the Kerr cell correspond to lengths of time after the break down of the 


TABLE I, Zinc, cadmium and nitrogen. 


The nitrogen lines were obtained bya discharge between zinc electrodes in air. The zinc and 


cadmium lines were obtained from discharges between electrodes made from the chemically pure 
metals. 
Interval Limit of 
Element Wave-length Classification x 10° sec. error 
x 10° sec. 
Zn 4912 32D, —¥ Fy, 
« 
Zn 4924 3°D2; —#F33 
0.5 .06 
Zn 4680 23P»—2°S, 
1.14 .04 
Zn 4722 23P, —23S, 
0.75 .04 
Zn 4811 2°P, — 23S, 
Cd 5337 3*Di, — 4° Fp: 
« 
Cd 5378 3°D 2; —4°F3 
0.43 05 
Cd 5086 28P,—23S, 
0.97 on 
Cd 4800 2°P, —23S, 
0.37 .O8 
Cd 4678 2°Po— 23S, 
No 5001 1°D,'—1°F;’ 
5005 1°D;'—15F,’ 
5007 13S,'—15P,’" 
5011 1§P,’—13S,' 
1.20 15 
N2 463 15P,’ —23P, 
AN 
4643 1°P.’ —23P, 
1.92 08 
N2 5676 13P,’—1°D,’ 
& 
5680 13P,’ — 13D,’ 


gap, the position of the trolley can be plotted against the intensity of the 
spectral line and a curve obtained which will show how the intensity of an 
individual line varies with time. In the present experiment it was possible to 
obtain spectrograms of the light from the spark beginning at 3.9107" 
seconds after the beginning of the spark to 1.4 10~7 seconds after the begin- 
ning of the spark, the range being limited by the lengths of wire in the set-up. 
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Kach plate was carefully calibrated by the use of neutral screens.’ The 
calibration curve was obtained by plotting the logarithm of the intensity of 
the light transmitted by these screens against the reciprocal of the photo- 
graphic density upon the plate. The reciprocal of the density (the logarithm 
of the transmission of the plate) was determined from the microphotometer 
record which was secured from the spectrogram. A Moll microphotometer 
which records automatically was used. From the measured transmission of 
the metallic are and spark lines and the air lines to be investigated, the inten- 
sity of the individual lines could be read directly from the calibration curves 
in arbitrary units. 


RESULTS 


Results by the visual method. Table I contains the data obtained on the 
spectral lines which were examined in this experiment. In the case of zinc the 
order of appearance of the lines obtained in this experiment was the same as 
that reported by Beams.* The magnitude obtained for the interval between 
the first appearance of the spark lines 4912A, 4924A and the arc line 4680A is 
thirty times smaller than the value obtained by Beams. In cadmium the re- 
sults for these corresponding lines differ by about the same amount, that is for 
the interval between the appearance of the spark lines 5337A, 5378A and the 
first arc line. However the order is not the same, for in this experiment 5086A 
was observed before 4800A, while Beams observed them in the reverse order. 
The time intervals between the appearance of the respective arc lines as meas- 
ured by Beams show somewhat the same magnitude as those determined in 
this experiment, but the results are still far from agreement. Locher obtained 
no differences in the times of appearance of the cadmium arc lines. 

Results by the photographic method. The data obtained for the arc 
triplet of zinc 4680A, 4722A, 48114 are plotted in Fig. 2. The intensity which 
is plotted as the ordinate is expressed in arbitrary units. The lengths of trolley 
wire, plotted as abscissa, are measured from an arbitrary reference point 
which corresponds to a time 5X10" sec., after the beginning of the spark. 
When the intensity curves for these lines are extrapolated backward they all 
intersect at a point on the time axis corresponding to a time 1.21078 
after the beginning of the spark, indicating that the members of this arc tri- 


sec., 


plet appear at the same time. Fig. 3 shows the data on the unresolved air 
lines 5001A, 5005A, 5007A and 5011A, 4631A, 4347A which were excited 
when the discharge occurred between zinc electrodes in air at atmospheric 
pressure. Here as in the case of the metallic arc lines of zinc, when the inten- 
sity curve for each of these lines is extrapolated backward to zero intensity, 
these curves meet at approximately the same point, corresponding to a time 
5x10-" sec. after the beginning of the spark. This would indicate that these 
lines appeared simultaneously, but at a time 1.19107 sec. earlier than the 
metallic arc lines of zinc. 


3G. R. Harrison, J.O.S.A. & R.S.I. 18, 492 (1929). 
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Fig. 4 shows the curves plotted from the data obtained for the arc triplet 
of cadmium 4678A, 4800A, 5086A. The intensity curves meet at approxi- 
mately the same point corresponding to a time 0.5 X 107 § sec., after the begin- 
ning of the spark when extrapolated backward to zero intensity, indicating 
again that the members of this arc triplet all appear at the same time. The 
time of appearance of the cadmium triplet is 0.7 X10~* sec., earlier than the 
zinc triplet. Fig. 5 shows the data on the air lines 5001A, 5005A, 5007A, 
5011A, 4631A, 4347A, which are excited when the discharge takes place be- 
tween cadmium electrodes in air. When the intensity curve for each of these 
air lines is extrapolated backward to zero intensity these curves intersect at 


11 


a point corresponding to the time 5 X10°-" sec., after the beginning of the 


spark, which is the same as that obtained for these same air lines which were 
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Fig. 2. Intensity of zine are triplet (2°Poi2—25S)) 
excited in the zinc spark. This indicates that these air lines just as in the case 
of zinc all appear at the same time. 

In the upper part of Fig. 6 are plotted the data obtained for the unre- 
solved zinc spark doublet 4912A and 4924A, and in the lower part are plotted 
the data obtained for the cadmium spark doublet 5337A and 5378A. The 
unresolved zinc doublet extrapolates backward to a point corresponding to 
0.5 10>’ sec., after the beginning of the spark. The intensity curves for each 
of the lines of the cadmium doublet, when extrapolated to zero intensity, 
meet at a point corresponding to a time 0.32 X 10°’ sec., after the beginning of 
the spark, indicating that each of the members of this spark doublet appeared 
at the same time. The time of zero intensity or the time of first appearance of 
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the spark lines is earlier than the arc lines of the same element, but is later 
than the air lines as shown in Figs. 2, 3, 4, and 5. 


DISCUSSION OF RESULTS 


The photographic method in the case of the are triplet of zinc 4680A, 
4722A and 4811A, shows that all of these lines appear at the same time. The 
visual method when applied to this same triplet gives differences between the 
times of appearance of these same lines. Likewise in the case of the arc triplet 
of cadmium 4678A, 4800A and 5086A the photographic method gives the 
same time of appearance for each of these lines, but the visual method gives 
different times for each line, although the results of different observers using 
the visual method are not in agreement. 
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Fig. 3. Intensity of the air lines 5601A, 4631A, and 4347A with zine spark gap. 


The photographic method shows that the air lines 5001A, 5005A, 5007A, 
and 5011A, 4631A, 4347A whether excited in a zinc or cadmium spark, all 
appear at the same time, but at a time definitely earlier than the metallic arc 
lines of the respective element. The visual method on the other hand gives 
different times of appearance for the individual air lines and it also indicates 
that the air lines appear before the arc lines in the case of zinc and cadmium. 
Since in this case the observations were made on groups of lines rather than 
individual lines, the results are not as convincing as in the case where the 
observations are made on separate lines. 

The photographic method shows that the members of the spark doublet 
of cadmium 5337A and 5378A appear at the same time and definitely earlier 
than the metallic arc lines of cadmium, but later than the air lines in the cad- 
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mium spark. The visual method gave no information on the separate spark 
lines as it was impossible to resolve them, so the observations were made 
probably on both lines, the times of appearance being earlier, however, than 
the arc lines. The result, indicating that the spark lines appeared before the 
arc lines, is the same for each method. The zinc doublet 4912A and 4924A was 
unresolved in both the photographic and visual methods so that the data 
obtained in each case are not satisfactory. However each method shows that 
this unresolved zinc doublet appears before the zinc arc triplet, hence again 
the two methods lead to the same result. 

There is an evident disagreement between the results obtained by the 
visual method and those obtained by the photographic method. This diver- 
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Fig. 4. Intensity of the cadmium arc triplet (2°Poi2.—25S)). 


gence of results is to be expected from the fact that the human eye is not 
equally sensitive to light of different colors, whereas the photographic plate 
when properly calibrated should give results on relative intensities which are 
independent of the sensitivity of the plate for light of different wave-lengths. 
Hence the zero of intensity inferred from the measurements on the photo- 
graphic plate would be different from the threshold of visibility detected by 
the human eye. In reality what one does in the visual method is to observe 
the line at some intensity considerably above the zero intensity. Examination 
of the curves, showing the intensity as a function of the time after beginning 
of the spark, shows that the times when the different lines have the same in- 
tensity is variable. The critical intensity which the eye could first detect would 
be influenced by the sensitivity of the eye for the particular wave-length. 
The lines which were examined were located in a region of the spectrum 
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where the sensitivity of the human eye changes quite rapidly with the wave- 
length. It would be impossible to extrapolate the intensity curves shown in 
igs. 2, 3,4, 5 and 6 in a reasonable manner and obtain values for the relative 
differences in the times of appearance that were obtained visually. The caji- 
bration of the photographic plate made the results obtained by the photogra- 
phic method independent of the sensitivity of the plate for different colors. 
The fact that the air lines appeared before the spark and arc lines of the re- 
spective elements is probably a result of the natural sequence of events in 
breakdown of the spark gap. One might suppose as Gaviola® suggested, 
that the discharge was initiated by ionizing the air between the electrodes. 
This was followed by evaporation of the metal from the electrodes which was 
then ionized and excited by collisons. This observed difference between the 
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Fig. 5. Intensity of air lines 5001A, 4631A, and 4347A with cadmium spark gap. 


times of first appearance of the air lines in the zinc and cadmium spark and 
the metallic arc lines of the same elements may be explained as a characteris- 
tic of the spark discharge. Hence if the results of the photographic method are 
accepted, the data obtained in this type of experiment give no evidence that 
an electron in the 2*S; state of zinc or cadmium remains there a longer time 
before the transition takes place to the 2°P» state, than to the 2*P; or the 
2°P. state. 
CONCLUSIONS 


1. The results obtained by the visual and photographic methods are not 
in agreement. 

2. The results obtained by the photographic method indicate that the 
members of the arc triplet of zinc appear simultaneously. They also indicate 
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that the members of this same triplet of cadmium appear simultaneously but 
not at the same time as the members of the arc triplet of zinc. These results 
therefore seem to verify Gaviola’s contention that the apparent time differ- 
ence between the appearance of spectral lines in such condensed discharges is 
not an atomic phenomenon. 

3. The differences in times of appearance between the air lines which are 
excited in the spark gap, the spark lines of the element and the arc lines of 
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Fig. 6. (a) Intensity of unresolved zinc doublet (3?Ds2—4°F 52) and (3°Dse—¥# F322). 
(b) Intensity of cadmium doublet (3°Ds2—4°F 52) and (3°D52—4? Fr). 


the same element, can probably be attributed to the way in which the dis- 
charge is formed in the spark gap, i.e. the manner in which the molecules of 
air or vapor of the element begin to be ionized. 

The writer wishes at this time to express his appreciation of the constant 
help and encouragement he has received from Professor Alpheus W. Smith 
under whose direction this work was carried out and of the valuable sugges- 
tions and criticisms received from Dr. M. L. Pool during the course of this 
work. 
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ABSTRACT 

In an attempt to determine the amplitude of vibration of the ions in a quartz 
lattice brought about by piezoelectric oscillations, a series of Laue photographs have 
been made of both Curie and thirty-degree-cut plates, using the white radiation from 
a Coolidge universal tube. This tube had a tungsten anode and carried a current of 
four milliamperes at 95 kilovolts. Eastman duplitized x-ray film was used with no 
sensitizing screens. On examination, the patterns produced by each plate, oscillating 
and non-oscillating, appear identical except in one respect; the pattern of the oscil 
lating plate is several times as intense as that of the non-oscillating. A four-hour ex 
posure of a non-oscillating plate to radiation of the above mentioned type, produces 
but the rudiments of a pattern, whereas, the same plate oscillating produces a very 
beautiful intense pattern for the same time of exposure. The effect does not depend on 
the mode of vibration but does depend on the amplitude. Further work is in progress 
which it is hoped will establish the cause of this peculiar intensity difference. 


INTRODUCTION 


IEZOELECTRIC quartz plates used as frequency controllers for vacuum 

tube oscillators have a visible vibration’ when in mechanical resonance 
with the electrical circuit. Such mechanical oscillations must be accompanied 
by considerable internal movement of the ions of the crystal lattice. It was 
proposed to investigate this internal motion by shooting a beam of x-rays 
through a quartz plate both when oscillating and when not oscillating and by 
observing whether there was any difference in the appearance of the Laue 
diffraction patterns. 

If there was considerable motion of the crystal planes, it might be ex- 
pected that the spots on the Laue pattern would be altered. Upon first con- 
sideration, one might think that this alteration would occur either as a 
linear smearing of the spots or as a diminution in the intensity of the pattern. 
The first hypothesis seemed reasonable because of the experiments of Profes- 
sor Jofté in which a linear smearing of the spots was produced by a mechani- 
cal distortion of the crystal. The second hypothesis appeared reasonable from 
temperature consideration. The usual result of raising the temperature of a 
crystal is that the reflection slowly decreases almost linearly with increase in 
temperature. Backhurst*® gives some data on graphite and ruby, finding a 
fifteen percent decrease in reflecting power for a rise in temperature of 500° 
Centigrade. 

1H. Osterberg, Nat. Acad. Proc. 15, 892 (1929), 

2 Joffé, The Physics of Crystals, p. 38. 

® Backhurst, Proc. Roy. Soc. London 102, 340 (1922). 
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Gibbs‘ called attention to the unusual increase in reflecting power of cer- 
tain planes in crystal quartz which took place at the transition temperature 
(575°C) when the so-called a form changed over to the 8 form. Since this large 
increase was attributed to a relative movement of the ionic planes of only 
0.025 Angstrom unit, it seemed possible that oscillations in quartz might pro- 
duce a change in the relative intensity of the Laue spots. 


APPARATUS AND METHODS 


Eastman duplitized x-ray films were used throughout. Sensitizing screens 
were tried at first but were soon discarded for fear they might influence re- 
sults. The film was placed in a box made of 1/8” lead sheet closed except for a 
small 1/2” hole in the top. Directly above this hole was mounted in intimate 
contact, the lower contact plate for the crystal, made of brass and polished 
flat. In its center was a 1/4” hole. The upper contact plate of the crystal was 
hole. Radiation 


>” 


also made of polished brass. In its center was drilled a 1/§ 
from a Coolidge universal tube was delimited by a number 60 drill hole in 
each of two lead screens mounted approximately five inches apart. Attached 
to the lower screen and in line with the hole was a two-inch narrow tube of 


Photographic Films 


A 


/ 





+8 


Fig. 1. Schematic diagram of x-ray tube and crystal circuit. 


brass also having a number 50 drill hole in its end. This was merely to facili- 
tate pointing the x-ray beam at the hole in the upper electrode. 

The driving circuit is shown in Fig. 1, together with a schematic drawing 
of the whole layout. The vacuum tube was of the UX210 type employing a 
filament voltage of 7.5 volts. Plate voltages from 50 to a maximum of 350 
volts were used at various times. Resonant conditions in the circuit were de- 
termined by observations of the D.C. plate milliameter A, or the radio fre- 
quency ammeter A». In this type of circuit using a resistance bias, oscillations 
are indicated by a large drop in the D.C. plate current and a corresponding 
increase in the reading of the high frequency ammeter. 


4 Gibbs, Proc. Roy. Soc. London A107, 561 (1925). 
’ S ’ 
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RESULTS 

A preliminary run with the non-oscillating crystal showed that at 95 
kilovolts peak and 4 milliamperes x-ray tube current at least a four-hour ex- 
posure would be necessary to get even a visible pattern. With the same expo- 
sure, however, this same plate, oscillating, gave a very beautifully developed 
Laue pattern. This was curious, and since the exposure on the oscillating cry- 
stal had been made in two parts with a lapse of several hours between, and 
since the film had been developed at a different time and with a different solu- 
tion than that of its non-oscillating mate, it was assumed that some difference 
in technique had produced the decided change in intensity. To test this point 
three different diffraction patterns were made of the same quartz plate; the 
first, with the plate not oscillating; the second with the plate oscillating; and 


Electric /ax/s 
/ 


Direction of Elec/ QXx/$ 
applied field —» 














Er E; E E, 
Curie Cut 30Cut 
a b 

Fig. 2. (a) Curie-cut. In use the applied electric field is parallel to an electric axis of the 
crystal. The optic axis is normal to the plane of the figure. (b) 30-degree-cut. In use the applied 
electric field makes an angle of 30° with an electric axis of the crystal. 
the third with it not oscillating again. In each instance, a four-hour continu- 
ous exposure was made at 95 kilovolts and 4 milliamperes. Over a four-hour 
period slight voltage-current fluctuations were bound to occur but an average 
current of four milliamperes over the necessary twelve-hour period is prob- 
ably very close to the truth. All three exposures were then simultaneously 
developed in a single large tray and were fixed at the same time. Examination 
of all three films showed beyond doubt that the pattern made by the oscillat- 


_ — a TABLET _ ane ee 
Curie-cut 30-degree-cu t 
Frequencies (kilocycles) Frequencies (kilocycles) 
3590 3850 
1900 1875 


320 325 


ing plate was decidedly m. ¢ intense than either pattern made by the non- 
oscillating plate. This discovery made it necessary to go into the phenomenon 
in more detail. 

Six plates were cut from a specimen of optical quality crystal quartz, 
three of each type of cut as shown in Fig. 2. These plates were then ground 
down to the following approximate frequencies, as shown in Table I. 
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The Curie-cut plates have an average wave-length of about 105 meters per 
millimeter thickness and the 30-degree-cut, about 145 meters per millimeter 
thickness. 

Two four-hour exposures were then made for each plate. Simultaneous 
development and fixing were carried out. In each case, the same result was 
obtained, viz.; an exposure which gave but the rudiments of a pattern with the 
plate not oscillating, gave an intense pattern when the plate was vibrating. Visual 
examination shows the patterns to be identical with the same spots occurring 
but the intensity is decidedly different. Fig. 3 shows a reproduction of the 
patterns produced by a 30-degree-cut plate, oscillating and not oscillating. 
This plate had an approximate frequency of vibration of 1875 kilocycles. It 


Fig. 3. (a) oscillating; (b) not oscillating. 


was not possible to note any smearing of the spots as was suggested might 
happen though the method is too crude to detect small changes. 

To test the possibility that the effect was due to some sort of an electric 
strain set up by the applied electric field, a test was run on the same plate 
whose pattern is shown in Fig. 3. Again two runs were made, the first with no 
applied field and the second with the line voltage of 120 volts, 60 cycles, ap- 
plied to the crystal. Both exposures were identical. The two exposures proved 
to be no different showing that the effect is definitely a resonance phenomenon. 

To test this conclusion further, the same piezo-plate was used in a series of 
three four-hour exposures. The x-ray energy was kept constant and the am- 
plitude of vibration was changed by increasing the plate voltage on the 
vacuum tube. The voltages used were 50, 150, and 300 volts, respectively. 
The three exposures show definitely that theintensity of the spots on the 
patterns depends on the amplitude of vibration of the quartz plate. The 150 
volt exposure is decidedly stronger than the 50 volt one and the 300 volt ex- 
posure is much stronger than either. 








JUNE 15, 1931 PHYSICAL REVIEW VOLUME 37 


CRYSTAL STRUCTURE OF LITHIUM IODATE 
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ABSTRACT 


The structure of lithium iodate was determined by using the oscillation and pow- 
der methods. Lithium iodate is hexagonal with 2 molecules per unit cell of a=5.409 + 
O0.CO3A, ¢=5.155A +0.005A. The space group assigned is D,° and the atom positions 
are: 2L.i in (001 4) (003 4), 21 in (1 3 2 3.1/4) (2. 3.1.3.3 4) and 6QO in (uu0) (O00) 


? 


(a00) (73) (Oud) (x03) with w=1 3. The structure is based on hexagonal closest 
packing, with the lithium and iodine atoms both lving within oxygen octahedra. The 


? 


atomic distances are Li—O and 1—O=2.23A with lithium octahedra sharing faces 
with each other, one lithium and one iodine octahedra sharing only edges and two 
iodine octahedra only corners. 


ITHIUM iodate is the only member of the alkali iodates, whose struc- 
ture has not vet been determined.' In searching the literature no informa- 
tion was found regarding its crystallographic properties. A microscopic exam- 
ination of the fine crystalline material of chemically pure LilO as furnished by 
Kahlbaum, showed that the crystals were short hexagonal prisms. Though 
LilQ; does not crystallize in very large crystals, two crystal splinters were 
found sufficiently large to be used for the oscillation method. Both crystals 
were hexagonal prisms and photographs were taken using the principal direc- 
tions as axes of rotation. In view of the fineness of the material a large number 
of powder photographs were taken using MoKa, CuKa, and FeKa, radiation. 
The photographs were worked out in the usual manner and lead to the 
following dimensions of the hexagonal cell. 


a=5.469A+0.003A c=5.155A+0.005A c/a=0.9427 


A rough density determination of LilO; gave 1.9 molecules equivalent to 2 
molecules per unit cell. The calculated density is 4.48. The greater part of the 
observations is compiled in Tables I and II. From the tables it is clearly 
seen that a rhombohedral cell is impossible because of the observed reflec- 
tions. (The number of molecules in the hexagonal cell also exclude a rhom- 
bohedral lattice.) Since the oscillation photographs did not show any 
deviation from full hexagonal symmetry, consideration of the space group 
was limited to the following classes: Dg", Dy" Cor" and Ds,". Of these D,? 
and D,° were ruled out because they have no 2-fold (or 1-fold) positions. 
Tables I and II show that whenever 2/+8 is divisible by 3, exceptionally 
strong reflections are observed if / is even; whereas the intensity is weak or 


1V. M. Goldschmidt, Vid. Akad. Skr. Oslo 2, 79 (1926) KIO;, RbIO;; W. H. Zachariasen, 
ibid. 4, 100, 106 (1928) NalOy;, CsIOs. 
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nil if / is odd. This observation can only be accounted for by putting the two 
iodine atoms in positions corresponding to a hexagonal closest packing of 


these atoms. The only available space groups compatible with such an 
arrangement are D3,', Ds*, Cov*, De®, and Det. The space groups Dy!, Coy, 
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TABLE I. Oscillation photographs. 
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s 00.4 2746 
w 31.1 2781 
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m ye . 2932 
s 3.2 .3024 
s 11.4 3036 
vw 32.0 .3258 
w 52.1 .3330 
nil 41.0 3343 
m 31.3 .3392 
s 41.1 3413 
s 32.2 .3536 
nil 41.2 .3614 
Ww 32.39 .3854 
nil 41.3 .3926 
m— 
Il. Powder photographs. 
bs. 
Cu hk. l sin 0 
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Ww 3.2 . 2433 
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vw 30.2 .2629 
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The F-curve for iodine was calculated by Thomas’ method, the one for oxygen is the ex- 
perimental one found by J. West in KH.POx. 
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and Ds,‘ are ruled out because they require that the odd order reflections from 
all planes / k.l where 24 +k =3n andlodd shall be missing, and while many 
of these reflections are not found, there is evidence in the photographs that 
some of them are definitely present. This limits the space group selection to 
D3, and Dy. 

In D;,' in order to have hexagonal closest packing the necessity for un- 
equivalent iodine atoms arises. The possibility that all oxygen atoms lie in the 
same plane is unreasonable as that would give too small oxygen to oxygen 
distances. Likewise this rules out the possibility that they all lie on 3-fold or 
6-fold axis of symmetry. The only possible arrangements of the 6 oxygens are 
therefore: 37+3k or 6n with v=1 4. None of these possibilities leads to 
reasonable structures. 

In case the 6 oxygens are put in 3) +32 and the required oxygen to oxygen 
distance is greater than 2.50A, the iodine to oxygen distance is smaller than 
1.72A. It seems improbable that the oxygen to oxygen distance is smaller 
than 2.50A, and that the iodine to oxygen distance is as small as 1.72A. This 
arrangement must therefore be ruled out and for similar improbabilities plac- 
ing the 6 oxygens in positions 6” can not be considered. 

As an additional support for ruling out the considerations of the previous 
paragraph are the intensity considerations. With the oxygen in 3j/+38 it is 
impossible to explain the weak 00.2 reflection. Similarly if the oxygens lie in 
6n the parameter v must be 1 /4 in order to explain the absent odd orders from 
the basal plane, which would necessitate the absence of reflections 11.1, which 
as the tables show are definitely present. 

The only remaining space group is D,*°. 

The 2 iodine atoms are put in positions (1/3, 2/3, 1/4) (2/3, 1/3, 3,4) in 
accordance with the required hexagonal closest packing. Since all the atoms 
can not lie on the 3-fold axes of symmetry, the only positions for the oxygens 
are (uu0) (O00) (#00) (75) (Oud) (003) or (mt 1/4) (2a% 1/4) (u2u 1/4) 
(iu 3/4) (Quu 3/4) (a 
the relative weak 00.2 reflection and therefore the first set is the correct one. 


— > 


a2a% 3/4). The latter arrangement does not account for 


An accurate determination of the oxygen parameter cannot be made due 
to the small scattering power of these atoms in comparison with that of iodine. 
The powder photographs show that 30.0 and 30.2 occur with nearly the same 
intensity although the latter form has twice as many faces as the former. In 
order to explain this ratio the oxygen atoms must give a large positive contri- 
bution to the structure factor for both reflections. This requirement neces- 
sitates u = 1/3. The value 1/3 is very probable as that gives us hexagonal close 
packing of the oxygens. A close packed arrangement of the oxygens (using 
oxygen to oxygen distance =2.7A) would give us a cell of dimensions a= 
4.68A, c=4.42A with an axial ratio of 0.944. The fact that the experimental 
cell is larger than the theoretical one must be attributed to an expansion of 
the close packing due to the circumstance that both iodine and lithium are 
too large to fit in the interstices. 

The lithium atoms are so light that their positions cannot be determined 
from the intensities of reflections, There are three sets of available positions 
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for lithium: (2a) (000) (003); (2b) (00 1/4) (00 3/4) and (2d) (1/3, 2/3, 3/4) 
(2/3, 1/3, 1/4). The set (2a) will put lithium inside of an oxygen triangle 
with lithium to oxygen distance = 1.83A. Using (2b) or (2d) lithium will be 
within an octahedron of oxygens; the lithium to oxygen distance being 2.23A. 
The triangular arrangement of oxygens around lithium has never been found 
in other structures. Lithium either goes inside a tetrahedron of oxygens 
(Li0O, KLiISO,, LisMoO,) or within an octahedran (LiNOs;). Of the latter 
two arrangements (2b) is the most plausible one, because this results in a 
lithium to iodine distance of 3.16A whereas (2d) would give 2.58A. 

The complete structure thus determined is 2 Li in (00 1/4) (00 3/4), 2T in 
(1/3 2/3 1/4) (2/3 1/3 3/4) and 6O in (uuw0) (O80) (400) (m3) (Oud) (u04) 


Fig. 1. Projection on the c-face of the structure of LilO;. The large circles represent oxy- 
gens at height 0. The large shaded circles represent oxygens at height c/2. The small solid 
circles represent iodine. The small solid centered circles represent lithium at height ¢/4, 3c¢/4. 


with «=1,/3. The intensities calculated on the basis of this structure agree 
well with the observed ones, as will be seen from the tables. 


DISCUSSION OF THE STRUCTURE 


In Fig. 1 is given a projection of the basal plane. The arrangement is a 
typical coordination lattice, of the hexagonal closed packed type met with in 
so Many Cases. 

Almost perfect octahedra of oxygen atoms surround the iodine and lith- 
ium atoms. The 1O,-octahedra share only corners with each other. Sharing 
of the octahedral edges occur between IO, and LiO,-polyhedra; while the 
LiO,-octahedra share faces with each other. This result is in perfect agree- 
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ment with what one should expect: The higher charges the central cations 
have, the fewer are the number of shared corners between two polyhedra. 

Although the lithium positions have not been determined from intensity 
considerations, there is not much doubt about the positions assigned to these 
atoms. In LiNQOs, where Li also lies inside an octahedron of oxygens, it was 
found that the lithium to oxygen distance = 2.15A. In LilO ; the lithium to 
oxygen distance is 2.23A. 

The distance iodine to oxygen is also 2.23A. For comparison the iodine to 
oxygen distance in other crystals of the same coordination number is given. 
KIO;—2.23A; RbIO;—2.26A, CsIO;—2.33A. 

The shortest oxygen to oxygen distance is 3.16A. In a previous paper by 
W. H. Zachariasen® it was shown that groups (XO ;)~" have an unsymmetri- 
cal structure if y=3X8+2(v being the total number of valence electrons in 
the group). In the (IOs) group there are 50 =6 X8+2 electrons. So that from 
reasons of analogy it would not be astonishing to find asymmetry in the IO, 
group. This asymmetry probably would result in a slight displacement of 
iodine away from the center of the octahedron in the direction of one face. 
However no observations pointing in that direction were observed. The pos- 
sibility of detecting very small displacements is only possible with extremely 


accurate intensity determinations. 
SUMMARY 


Lithium iodate was examined by the oscillation and powder methods. The 
crystals were found to be hexagonal with 2 molecules in the cell @=5.469A 
+ 0.003A; ¢=5.155A + 0.005A, c/a = 0.9427. The calculated density is 4.48. 
The space group was found to be D,® with 2 Li in (001/4) (003/4). 2 Tin 
(1/3 2/3 1/4) (2/3 1/3 3/4) and 6Oin (uu0) (0%0) (G00) (403) (Oud) (uO) 


? 


with u=1/3. 

The structure is based on the hexagonal closest packing. The lithium and 
the iodine atoms are both lying within oxygen octahedra. The distances Li-O 
and I-O are both 2.23A°*. 2 lithium octahedra share faces with each other, one 


lithium and one iodine octahedra share only edges, two iodine octahedra 


only corners. 


2 W. H. Zachariasen, Phys. Rev. 37, 775 (1931). 
3 It is probably that a value of u slightly less than 1/3 is more correct, say «=0.314 which 
gives Li—O 2.15A and 1—0=2.28A. 
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NORMAN BRIDGE LABORATORY OF PHysics, CALIFORNIA INSTITUTE OF 
TECHNOLOGY, PASADENA, CALIFORNIA 


(Received May 4, 1931) 


ABSTRACT 


The photographic plate in the apparatus for the magnetic analysis of x-ray 
photoelectrons has been replaced by a Geiger-Miiller ion counter and the magnetic 
spectrum of the photoelectrons ejected from a thin film of gold by primary x-ray 
from molybdenum has been studied. Very great resolving power is obtained and con- 
siderable precision in determining the exact position of the lines (i.e. the energies of 
the photoelectrons). The numbers of Li electrons of gold ejected by the Ka; x-ray of 
molybdenum have been plotted as a function of the angle of ejection and compared 
with the theoretical longitudinal distribution predicted by Schur. 


INTRODUCTION 


N THE past many investigators! have observed the space distribution of 

x-ray photoelectrons in cloud expansion chambers. This method is power- 
ful because one may observe directly the path taken by an individual photo- 
electron after ejection from the parent atom. In actual practice, however, the 
method has several shortcomings,* one of which is that except in a very few 
special cases the electrons coming from one level of the parent atom cannot 
be differentiated from those coming from another level.® 

The method developed by one of the writers' enabled the longitudinal 
distribution of the photoelectrons to be studied as a function of both the 
energy of the incident photons and the level from which the electrons are 
ejected. While the change in relative intensities of “lines” in the “magnetic 
spectra” taken at various angles by this method yielded valuable information, 
the actual longitudinal distribution of a given group of photoelectrons could 
be obtained only qualitatively, because the photoelectrons were recorded 
photographically. With the aim of obtaining distribution curves of a more 
accurate nature, a new magnetic spectrograph has been constructed, in which 
the photographic plate has been replaced by a small Geiger-Miiller tube.® 

APPARATUS 

In Fig. 1 is shown the horizontal section through the centers of the slits 
of the new spectrograph. The photoelectrons are ejected from an exceedingly 

! For a bibliography of work in this field see, e.g., Watson and Van den Akker, Proc. Roy. 
Soc. A126, 138 (1929). 

2 Williams, Nuttal and Barlow, Proc. Roy. Soc. A121, 611 (1928). 

3 Watson and Van den Akker, reference 1. 

4 Watson, Phys. Rev. 30, 479 (1927). 

5 For a bibliography of work done on this extremely sensitive detector of ions see, e.g., 


Van den Akker, Rev. Sci. Instr. 1, 672 (1930). 
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thin film of the element studied, which is deposited on a strip of celluloid 2 
mm wide. This strip is supported with its length vertical, and so arranged at 
the axis of rotation of the apparatus that the electrons always leave the film 
normally to its surface. The width of the x-ray beam at the axis of rotation is 
about 4+ mm, so that the film is included in the beam at all angular settings of 
the spectrograph. Each of the slits shown is 1, 64 inch wide and 1 /4 inch long. 
The slits S; and S. are 3 inches apart, and thus p, the radius of curvature of 
the electron orbits, is fixed at 1.5 inches. The slit S; and the windows IW: and 
Ws; in the Geiger-Muller tube aid in setting the angular dial shown in Fig. 2. 
Once this setting has been made, the Geiger-Muller tube is shifted to a new 
position, axis at O’, where the entrance window IJV; is more directly behind 
Se. 
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Fig. 1. Horizontal section of apparatus, showing arrangement of slits. 


Rotation of the spectrograph from outside the chamber may be accom- 
plished by means of a large brass taper, which is shown in Fig. 2. The lead-in 
B isa small brass pipe which connects the chamber of the Geiger-Miiller tube 
to a gas system, while A is an electrical lead-in to the anode wire of the tube. 
A pointer fastened to the top of the taper enables one to read 6, the angle 
between the x-ray beam and the initial direction of the photoelectrons which 
enter .S;. 

The entrance window VW, is a set of five holes, each of 0.8 mm diameter, 
and arranged in a vertical line. A small disk fits into the wall of the tube, and 
this disk possesses five holes which fall over the five holes in the wall of the 
tube. This is shown in Fig. 3, in which is given a cross section of a tube of 
design later than that of the tube depicted in Fig. 2. A film of celluloid of the 
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order of 10 cm thick covers the holes of the small disk. This film must satisfy 
two requirements: It must be sufficiently thin to pass an appreciable fraction 
of the slowest photoelectrons, and yet it must be sufficiently strong to with- 
stand the difference in pressure which exists between the interior and exterior 
of the tube (approximately 5 cm of mercury). 
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Fig. 2. Vertical section of apparatus. 


A description of the specialized form of Geiger-Miiller tube used in this 
research and of its operation has been given elsewhere.® The most important 
detail is the limitation of the active volume by the use of hard rubber plugs. 
This limitation of volume results in a very low “residual count;” and, when 
the anode wire is satisfactory, the electron count is independent of the 
potential of the anode over a range of about 50 volts. (When the whole of the 


6 Van den Akker, Rev. Sci. Instr. 1, 672 (1930). 
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volume of the chamber is active the effect of the ends of the tube is to make 
the residual count a function of the potential of the anode). 

The wiring diagram for the Geiger-Miiller tube is given in Fig. 4. The tube 
is earthed, while the anode is connected to a source of high potential through 


anode wire 
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hard rubber 


70 gas 
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Fig. 3. Diagram of small electron counter, showing limitation of active 
volume by means of solid hard rubber plugs. 


a resistance of 510° ohms. Since the spectrograph is placed at the center of 
a long, vertical solenoid, the connector between the anode and the amplifier 
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Fig. 4. General scheme of electrical connections for the Geiger-Miiller tube. 


is necessarily long. The strong electrical disturbances which come from the 
x-ray outfit make it necessary to shield this connector carefully; to satisfy 
this requirement, and an additional restriction on the total capacity to earth 
of the connector, the shielded connector is a very fine wire strung through a 
large lead pipe. 

The results given in this paper were obtained when the x-rays were the 
primary rays of molybdenum, generated in a water-cooled Coolidge tube 
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driven at 30 kv and 20 m.a., and the electrons were ejected from a barely 
visible sputtered film of gold. 


THE NATURE OF THE MAGNETIC SPECTRA 


The results of two exploratory runs at @=80° are given in Figs. 5 and 6. 

In Fig. 5 is shown a small part of the whole spectrum which includes the 

double peak due to Li electrons ejected from gold by MoKa;». In each 
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Fig. 5. A small part of the electron “spectrum” taken at 80°, showing the double peak due to 
Lin electrons of gold ejected by MoKa; ». 


figure the number of impulses occurring in the Geiger-Miiller tube per minute 
is plotted against the solenoid current. The spectrograph was calibrated with 
respect to the position of the Ka;: Ly peak, the //p value being that given by 
Robinson and Cassie.’ All other positions indicated by vertical dashed lines 
were calculated. Where the precision measurements made by Robinson and 


7 Robinson and Cassie, Proc. Roy. Soc. A113, 282 (1928). 
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Cassie have been used, the letters “R-C” have been appended. In the calcula- 
tion of the remaining positions, level values given in Vol. X XI of the Hand- 
buch fur Physik were used. In all cases the v/R values of the emission lines 
of molybdenum and gold and the values of the fundamental constants were 
those selected by Robinson and Cassie. 

The sharpness of the peaks in Fig. 5 indicates good resolution, and shows 
that few electrons lost appreciable energy in getting out of the sputtered 
film. Each point shown was obtained by a ten minute period of counting, and 
hence the probable error for each point was not small, being one electron per 
minute for points in the neighborhood of 25 per minute. The heavy vertical 
dashes at the extreme right of Figs. 5 and 6 represent twice the probable 
error of individual points. The probable error of the curves drawn is in general 
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Fig. 6. The low velocity end of the electron “spectrum” showing peaks due to 
electrons from the L; and Ly levels of gold. 


somewhat smaller, being as small as 0.4 electrons per minute at certain points. 
The count obtained at zero magnetic field, the “residual count,” was about 
4.5 per minute. This count was not noticeably changed when the source of 
x-rays was cut off, showing that the effect of scattered x-rays was negligible. 

The small peak at 2.555 amp can be attributed to electrons ejected from 
the Mi levels of gold atoms in which the transition (.Wj—Ly1) may occur. 
Thus, while the J/, level in the normal gold atom has the value v/ R= 202.8, 
the value of this level in an atom in which the above transition may occur is 
206.7. The two peaks at 1.900 and 1.930 could not be attributed to electrons 
coming from gold. The sputtered film of gold had been exposed to mercury 
vapor at room temperature, however, and hence one might reasonably expect 
to find peaks due to electrons from mercury. The calculated positions of 
electrons ejected from the mercury Ly level by MoKa,» were, respectively, 
1.931 and 1.899 amp. 
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THE LONGITUDINAL DISTRIBUTION OF THE Ly, ELECTRONS 


In an attempt to measure the longitudinal distribution of electrons 
ejected from the Zin level of the gold atom by Ka, the Ka;.2: Li, peaks were 
obtained at various angles. The difference between the ordinate of the peak 
at 2.528 amp and the ordinate of the valley at 2.551 amp was taken as a 
measure of the number of electrons ejected from the Ly level. This difference 
is plotted against the angle of ejection, 6, in Fig. 7. The deviation of the ex- 
perimental curve from the points at 60° and 80° is a correction due to the 
loss of Ka rays in passing through the celluloid strip which supported the 
sputtered film. This correction is negligible for all angles excepting those 
slightly less than 90°. It should be noted that this correction is not accurately 
known, and that an error in this correction will shift the maximum of the 
experimental curve through several degrees. 
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Fig. 7. The longitudinal distribution of Zim electrons of gold ejected by MoKa,. 


Schur* has recently given a theoretical expression for the longitudinal 
distribution of the Z electrons taken collectively. This expression is divided 
into two parts, one giving the distribution of the Z; electrons, and the other 
giving the distribution of the Ly, and Ly electrons combined. The latter part 


IS 


f os. . . 2v | ( ~~) — . | 
J(60,¢) ~ {1+ —sin?6@cos?¢@ + — cos 6} 1+ 241+ — sin? 8 cos? @ 
\ Iv c hy 

where J(6, @) is the probability per unit solid angle that an electron will leave 
the parent atom in a direction making an angle @ with the forward direction 
of the x-ray beam, and the angle ¢ with the direction of the electric vector, 
¢@ being measured in a plane perpendicular to the beam of x-rays. The quan- 
tities J;, v, and v are respectively the mean energy of binding of the Ly, and 
Lin electrons, the frequency of the incident radiation, and the speed of ejec- 
tion of the photoelectrons. Since unpolarized rays were used, we integrate 
with respect to ¢ from 0 to z, and obtain 


§ Schur, Ann. d. Physik 4, 433 (1930). 
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} 
This function is represented in Fig. 7 by the dashed curve. The wide depart- | 
ure of the experimental curve from the theoretical at small and large angles 
can be explained in part by nuclear scattering of the electrons in the sputtered 
film. Scattering can not explain the larger part of this departure, however, as 
spectra obtained in the past® reveal the important fact that certain lines, 
strong at 80°, fall to nearly zero intensity at 0°. On the other hand, the theo- 
retical distribution is that of the Ly and Lin electrons combined, and it may 
be that the distribution of the Ly, electrons is less isotropic than that of the 
Lin electrons. The maxima of the curves are both well forward of 90°, being 
at about 70°, and the ratio of the ordinates at 0° and 180° of the experimental 





curve is nearly the same as that of the theoretical curve. The experimental 
value of this ratio is 1.60, while Schur’s function gives 


P(0)/P(mr) = (1 + 20/c)/(1 — 22/c) = 1.82. 





9 Watson and Van den Akker, reference 1. 
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ABSTRACT 


The well-known problem of the entropy of the universe as a whole arises from the 
difficulties encountered by classical thermodynamics—first in failing to account for 
the presumed fact that the entropy of the universe has always been increasing at an 
enormous rate and nevertheless has not yet reached its maximum value—and second 
in failing to allow an emotionally satisfactory feeling towards our universe whose ulti- 
mate fate would be the stagnation of “heat-death.” The purpose of the present article 
is to examine this problem from the point of view of the extension of thermodynamics 
to general relativity which has previously been made by the author. 

A number of earlier contributions to the solution of the problem, which have been 
made from the standpoint of classical thermodynamics or statistical mechanics, are 
first briefly described in order to emphasize the very different character of the contri- 
bution to the problem made in the present article. It is then pointed out that the 





problem of the entropy of the universe arises in the classical thermodynamics because 
of the presumption that thermodynamic processes cannot take place both reversibly 
and at a finite rate, and that the general nature of the contribution to the problem 
offered by relativistic thermodynamics consists in showing the possibility of thermo- 
dynamic changes which could take place at a finite rate and at the same time re- 
versibly without increase in entropy. 

The principles of relativistic thermodynamics are then reviewed, and this differ- 
ence between the classical and relativistic thermodynamics is shown by considering 
the possibilities of carrying out reversible changes at a finite rate in the properties of a 
thermodynamic fluid. In the classical thermodynamics it is found that no change in 
the thermodynamic properties could be allowed to take place at a finite rate, the 
entropy density of the fluid necessarily remaining constant in accordance with the 
equation 


ddo 
' dt 


On the other hand, in relativistic thermodynamics it is found possible to allow changes 
to take place at a finite rate in the proper volume of the fluid, due to changes in the 
gravitational potentials g,,, and still maintain reversibility provided the changes 
satisfy the relation 
‘ a - dx, 

di g -} = 0. 
ONG ds 


To exhibit the nature of the reversible changes at a finite rate thus permitted in 
relativistic thermodynamics, consideration is given to the highly idealized model of a 
non-static universe filled with black-body radiation as a thermodynamic fluid, and it 
is shown that the radius, total proper volume, and entropy density of such a universe 
could be changing at a finite rate and yet reversibly without increase in entropy. 
Furthermore, in the case of an expanding model of the kind considered, it is shown 
that an ordinary observer, who marks out with rigid meter sticks a small region of 
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this universe in his immediate vicinity for study, would find the energy density, energy 
content, and the temperature of this region decreasing with the time, and would find 
the number of quanta leaving the region per second greater than the number entering, 
and the average frequency of the quanta that leave greater than that of those that 
return. These phenomena would be interpreted by the observer, from a classical point 
of view, as due to radiation from his neighborhood into the colder surroundings of 
space and hence as leading to an increase in entropy, in spite of the fact that all the 
processes taking place in such a model would actually be reversible from the point of 
view of the relativistic thermodynamics which should be applied to such a problem. 

In conclusion remarks are made concerning the disparity between the above 
model, which was chosen for purposes of illustration because of its mathematical 
simplicity, and models which would be more suitable to serve as representations of 
the actual universe. And some indication is given of the further developments that 
should be undertaken. 


PART I. INTRODUCTION 

$1. Purpose of present article. 

N A number of previous articles I have endeavored to present the prin- 

ciples for an extension of thermodynamics to general relativity! and to 
consider some of the applications of the new system of relativistic thermo- 
dynamics based on these principles.” The purpose of the present article is to 
examine the bearings of relativistic thermodynamics on the well-known 
problem of the entropy of the universe as a whole. It will be found that this 
extended thermodynamics provides new possibilities for thermodynamic pro- 
cesses to take place at a finite rate without increase in entropy. And it will be 
shown that the recognition of these new possibilities not only appears to be 
essential for a true understanding of the problem of the entropy of the 
universe, but may even provide to a greater or lesser extent the basis for its 
solution. 


$2. The nature of the problem of the entropy of the universe. 


In accordance with the views of the classical thermodynamics all thermo- 
dynamic processes, actually taking place in the universe at a finite rate, were 
regarded as accompanied by an increase in entropy. Among these processes 
appeared a wide variety of immediately appreciated terrestial occurrences of 
a meteorological, biological or technological nature in which the increase of 
entropy depended for the most part on the degradation of energy originally 
received as radiation from the sun,—in addition, various tidal actions in 
which the increase of entropy resulted from the degradation into heat of 
mechanical energy of astronomical motions;—and quantitatively most im- 
portant of all, the continuous flow of radiation from the stars with a great 
increase in entropy due to the presumable drop in temperature in passing 
from the hot interior of the stars to the cold depths of intergalactic space. 

In general the view was held that entropy was everywhere increasing at an 
enormous rate and that this would continue until the entropy of the universe 

! Tolman, Proc. Nat. Acad. 14, 268 (1928); ibid. 14, 701 (1928); Phys. Rev. 35, 875 (1930); 
ibid. 35, 896 (1930). 

2 Tolman, Proc. Nat. Acad. 14, 348 (1928); ibid. 14, 353 (1928); ibid. 17, 153 (1931); Phys. 
Rev. 35, 904 (1930); Tolman and Ehrenfest, Phys. Rev. 36, 1791 (1930). 
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had reached its maximum,—the sun and stars cold, all of creation dead and 
unchanging. 

Such a view, however, carries with it two difficulties. The first difficulty 
has genuine intellectual validity and can be expressed by the question: Why 
has not the entropy of the universe already reached its maximum value in the 
infinite past time which has presumably been available? The second difficulty 
has perhaps only emotional validity and can be expressed by the question: 
What significance can we ascribe to a universe whose ultimate fate is merely 
the “heat-death” of maximum entropy? These are the difficulties which con- 
stitute the problem of the entropy of the universe. 


$3. Nature of earlier contributions to the solution of the problem. 


Various suggestions have been made with regard to the solution of the 
problem. It will be profitable to consider some of them briefly in order to 
emphasize the very different nature of the suggestion which will be made in 
this article. 

a. Finite time since creation. The most obvious treatment of the problem 
is to assume that the universe was indeed created at a finite time in the past 
with sufficient available energy so that the entropy has not yet reached its 
maximum value. In the future this maximum would be reached and all 
significant changes would cease. A modification of the treatment could be 
made by assuming an infinite past during which the universe was in a qui- 
escent metastable state of large available energy, and a disturbance at a finite 
time in the past which initiated the process of degradation. 

These suggestions depend too greatly on special ad hoc assumptions to 
be scientifically satisfying. 

b. Continuous regeneration. A second type of suggestion depends on the 
assumption of the existence of regenerative processes of such a nature as to 
maintain the universe in an approximately steady condition. Thus Millikan* 
has suggested the four-step cycle: (1) Matter in the stars is transformed into 
radiation which flows out into intergalactic space; (2) the radiation in inter- 
galactic space is transformed into electrons and protons; (3) the electrons and 
protons combine to form helium and other elements, giving rise to the produc- 
tion of the observed cosmic rays; (4) the matter thus formed drifts back into 
the stars, thus completing the cycle. The evidence for step (2) is completely 
lacking at present; steps (2) and (3) assume the occurrence of processes of 
synthesis under the theoretically unfavorable conditions of extremely low 
concentration; and the cycle contradicts the principle of microscopic reversi- 
bility.4 The evidence for step (1), however, is very strong, the evidence for 
step (3) cannot be dismissed as trivial, and there is no inherent improbability 
in step (4). 

c. Continuous approach to maximum entropy. A third type of suggestion 


3 Millikan and Cameron, Proc. Nat. Acad. 14, 637 (1928). 

4 For a partial historical account of this principle, see Tolman, Proc. Nat. Acad. 11, 436 
(1925). For a discussion of the principle, see for example Tolman, “Statistical Mechanics” 
Chap. 15, Chemical Catalog Co., New York, 1927. 
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would be to assume an infinite past for the universe, coupled with ever de- 


creasing values for the entropy of the universe as we examine backwards in 
the past and a continuous asymptotic approach to the maximum of entropy 
in the future® If such an assumption were allowable, it would avoid the 
difficulty of a limited past time for the existence of the universe, but the 
difficulties of a practical exhaustion of the energy available for human needs 
within a finite time in the future would not appear to be avoided. The as- 
sumption would perhaps not be a possible one for a finite universe of finite 
energy content, for which we have some evidence. 

d. Fluctuations in entropy in accordance with its statistical-mechanical 
interpretation. A fourth of type of contribution to the problem depends on the 
statistical mechanical interpretation of entropy, as given most clearly by 
Boltzmann's famous //-theorem. In accordance with this theorem it is found 
that, although there is a great probability for the entropy of a system to in- 
crease when it has less than its maximum value, it is not certain that this will 
take place and fluctuations away from the maximum of entropy will occur. 
This furnishes the possibility that the universe has existed for an infinite time 
in the past and that we are now experiencing a return of the universe or of 
that portion which is within our range of observation towards a condition of 
maximum entropy after a major fluctuation away from that value. 

This important possibility was clearly presented by Boltzmann® over 
thirty years ago. The enormous improbability of a major fluctuation of the 
kind assumed does not necessarily furnish a valid argument against the ex- 
planation, since, as pointed out to me in conversation by Mrs. Ehrenfest- 
Afanassjewa, the existence of sentient beings to observe the rare phenomenon 
could presumably only occur at the time of decay of such a fluctuation. From 
the point of view of human wishes, however, the explanation is not entirely 
satisfying, since it implies that man himself is a transitory and improbable 
phenomenon, that our surroundings are now headed with almost complete 
certainty towards a condition at least close to that of maximum entropy, and 
that the conditions under which life, as we know it, is possible are almost 
never present. Nevertheless, these objections have emotional rather than 
intellectual validity and the part played by the theory of statistical fluctua- 
tions in a relatively complete solution of the problem of the entropy of the 
universe may prove to be no mean one. 


$4. Nature of the present contribution to the solution of the problem. 


The present contribution to the problem of the entropy of the universe is 
based on the system of relativistic thermodynamics which I have developed. 
The general nature of the contribution depends on an extension given by this 
relativistic thermodynamics in our ideas as to the kind of processes which can 
occur at a finite rate without producing any increase in entropy. 

As an illustration of this extension in our ideas, it would be impossible 

’ This possibility was suggested to me by some remarks of the late Professor William 


James which were told me in conversation by Professor Gilbert N. Lewis. 
® Boltzmann, Wied. Ann. 60, 392 (1897). 
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from the point of view of classical thermodynamics to carry out an actual 
expansion of a thermodynamic fluid reversibly and at a finite rate, since the 
friction of moving parts and the deficiency between the actual pressure ex- 
erted by the fluid and that which could be exerted with an infinitely slow rate 
of expansion would lead to an increase in entropy. Nevertheless, in rela- 
tivistic thermodynamics we shall find that the proper volume associated with 
a thermodynamic fluid could increase at a finite rate, owing to a finite rate of 
change in the gravitational potentials g,,, without involving any increase in 
entropy. 

In further illustration, it appeared impossible in the classical thermo- 
dynamics for a flow of heat to take place reversibly and at a finite rate, owing 
to the increase in entropy connected with the finite temperature drop neces- 
sary to maintain the finite rate of flow. Nevertheless, in relativistic thermo- 
dynamics, we shall find that the reversible increase in proper volume, men- 
tioned in the paragraph above, would make it possible for heat radiation to 
be regarded by an ordinary observer as flowing out of a given region of inter- 
est at a finite rate, without any increase in the entropy of the system as a 
whole. 

It is evident from these examples, that relativistic thermodynamics in- 
creases in an important manner the variety of changes which could be taking 
place in a universe which is actually in a state of maximum entropy, and 
makes it necessary to re-examine processes which we have formerly taken as 
evidence that the entropy of our own universe is actually increasing at an 
enormous rate. 

In Part II, we shall first consider the general bearing of relativistic thermo- 
dynamics on changes in thermodynamic condition without increase in en- 
tropy. In Part III, we shall then apply relativistic thermodynamics to the 
very special model of a non-static universe filled solely with radiation. Such 
a model ignores very characteristic features of the actual universe, but math- 
ematically is relatively simple to handle and will present some features which 
appear analogous to phenomena in the actual universe. Finally in Part IV, 
we shall try to give some criticism of the role that the new ideas might play 
in the general solution of the problem of the entropy of the universe. 


ParT I]. RELATIVISTIC THERMODYNAMICS 
$5. The first and second laws of relativistic thermodynamics. 

The extension of thermodynamics to general relativity can be based on 
two principles which may be regarded as the relativistic generalization of the 
first and second laws of classical thermodynamics. 

In accordance with the first of these principles, any thermodynamic pro- 
cess occurring in the universe must take place in such a way as to agree with 


the principles of relativistic mechanics as given by the tensor density equa- 
tion 


fF) z. 1 0 Las 
oe = 0 (1) 
OX, 
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or the equivalent non-tensorial yet nevertheless covariant equation 


0 (2) 


~~ 


where I? is the tensor density of material energy and momentum, t; the 
pseudo tensor density of potential energy and the g,3 the gravitational poten- 
tials. 

Since these equations reduce to the ordinary energy-momentum principle 
in flat space-time where the gravitational field is negligible, the analogy of 
this first principle to the ordinary first law of thermodynamics is evident. In 
applying the principle to thermodynamic considerations, the system involved 
will of course be treated from a macroscopic point of view, and this is an ad- 
vantage since the applicability of these equations to microscopic phenomena 
would certainly not be in accord with the development of quantum mechan- 
ics, Which has taken place since their formulation. 

The second principle of relativistic thermodynamics may be stated in the 


form 
0 d Xp d( ) 
(6 V-g ) dx \dNod x3dx, = 3) 
OX, ds T 


where @» is the proper density of entropy as measured by a local observer, us- 
ing Galilean coordinates which are at rest with respect to the mass motion of 
the thermodynamic fluid at the point of interest, the quantities dx,, ds are the 
macroscopic “velocities” of the fluid at the point of interest as measured in 
the coordinate system x;, Xe, X3, xy, the quantity dQ» is the heat flowing 
through the boundary into the infinitesimal region and during the infinites- 
imal time, denoted by dx\dxedx;dx;, as measured in proper coordinates, and 
7) the temperature of the boundary also measured in proper coordinates. 

The justification for the principle lies in the fact that it has been shown to 
be a natural covariant generalization of the ordinary second law of thermo- 
dynamics valid in flat space-time, Eq. (3) being a tensor equation of rank 
zero which reduces in flat space-time and Galilean coordinates to 

do 0 0 0 1 dQ 
+ ou) + or) + (@w) |dxdvdzdt = (4) 
al On 0 y Oz | ; ‘4 
where ¢ is the density of entropy, u, v and w are the component velocities of 
the fluid, dQ is the heat flowing into the region dxdydz in the time dt, and T is 
the temperature, all these quantities now being measured in the particular 
set of Galilean coordinates x, y, 2, t which is being used. 


$6. Application of the relativistic second law to a finite adiabatic system. 


Let us now apply our new form of the second law as given by Eq. (3) toa 
finite thermodynamic system, by taking x;, x2, x3 as being the space-like 
coordinates and carrying out an integration over the spatial region of inter- 
est. If we carry out such an integration, using coordinates such that the limits 
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of integration necessary to include the system fall on the boundary which 
separates the system from its surroundings, it is evident that the summation 
of dQo, 7 over the interior of the system will cancel out, since any heat enter- 
ing a given element of volume is abstracted from neighboring elements. Hence 
dividing Eq. (3) by day, writing out the separate terms corresponding to the 
different values of u, and performing the integration we obtain, with some re- 
arrangement in order, 


"c7° ra dx, 
If (« /—-Ff ) dvudeadss 
« OX; ds 
ot ll a 0 dx} a] dx» 
[Mem aZtowas) + 
JJ. OX, ds OX» ds 


a / dx. 1 dQ» 
- : cov - g dx ;dNxod x3 + >( = 
ON ds 7) dx 4/ BOUNDARY 


The last term on the right hand side of the above inequality is the total 
value of the quantity (1/7 »)(dQo/dx,) taken over the boundary which 


Jt 


separates the system from its surroundings, and by performing the indicated 
integrations the other terms on the right hand side of the expression can also 
be seen to depend solely on conditions at the boundary. We obtain 


2 pp a dx, 
(« \ -2 dx ,;d Nod X3 
J J «a a Vy d s 


>» dxy P 7, d o zr’ 
— | Po\ — 2g dxvedx3 — Pov — £ dx,dXx3 (6) 


as F * e as Zz 


e dxs , 1 dO 
—_ Oo g da i dX + >( on ) 
a ds Ty) dxy/ BOUNDARY 


where the limits of integration at the boundary are denoted by x, x1’ etc. 

This expression (6) may be regarded as a general statement of the relativ- 
istic second law of thermodynamics as applied to finite systems. Defining the 
entropy of the system as 


e aX; 
5 = [fle 1 -—-F avd vod X; (7) 
ds 


it gives the relation which must hold between the rate at which the entropy 
of a finite system is changing with the time x; and those conditions at the 
boundary which determine the flux of matter and the flow of heat between 
the system and its surroundings. 

For an adiabatic system with no flux of matter or flow of heat between the 
system and its surroundings we shall have the quantities dx,/ds, dx2/ds, 
dx3/ds, and dQ)/dx, equal to zero at the boundary and the expression will 
then reduce to 
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dS P a] Ox rl 
= | [ oovn —8 dx,dxedx3 2 0. (8) 
dx 4 J vw a a) x } ds 


In accordance with this expression the entropy of an adiabatic system cannot 
decrease with the time but can only increase or remain constant. As in the 
classical thermodynamics, adiabatic processes in which the entropy increases 
with the time may be called irreversible, since neglecting improbable fluctua- 
tions the system after such a process could not of itself return to the original 
state of lower entropy; while processes in which the entropy remains constant 
may be called reversible. 


$7. Increased possibility for reversible processes in relativistic thermo- 
dynamics. 


With the help of the foregoing considerations we may now compare the 
conditions which would be imposed by classical and by relativistic thermo- 
dynamics on the occurrence of reversible processes. In the present section we 
shall show that the new thermodynamics offers the possibility for a kind of 
thermodynamic change which was not contemplated in the classical thermo- 
dynamics, and which might take place at a finite rate without increase in 
entropy, in contrast to the conclusion of classical thermodynamics that re- 
versible thermodynamic processes could not take place at a finite rate. And in 
later sections we shall show by a simple specific example that such reversible 
processes taking place at a finite rate might actually be realized, and play a 
possible part in cosmological happenings. 

a. Classical treatment of entropy changes in a thermodynamic fluid. Let us 
first illustrate the kinds of classical considerations which have formerly lead 
to the conclusion that thermodynamic processes could not take place both 
reversibly and at a finite rate.’ To do this we may consider the conditions 
which would be imposed by classical thermodynamics on reversible changes 
in the condition of a thermodynamic fluid. 

In the classical thermodynamics we could evidently write for the entropy 
of a finite portion of thermodynamic fluid enclosed in a suitable container the 


§ = Jf [ oasayas (9) 


where ¢ is the density of entropy as measured in the particular set of (Gali- 
lean) coordinates x, y, z, which the observer uses, and the integration is to be 
taken over the whole volume of the container. 

If now we consider the possible reversible changes which could take place 
in this thermodynamic fluid, it is evident in the first place that we could per- 
mit no relative motion between different portions of the fluid, since the de- 


expression 


cay of this motion would lead to an increase in entropy, and we may hence 


7 Of course the classical thermodynamics permitted ideal mechanical processes to take 
place at a finite rate without increase in entropy, but the distinction between mechanical and 
thermodynamic processes was clear enough so that this did not prove to be a source of confusion, 
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use a set of coordinates in which the thermodynamic fluid as a whole would 
be at rest and rewrite our expression for the entropy in the form 


§ = Lf fo dxd ydz (10) 


where ¢» is the proper density of entropy. In the second place, it is evident 
that we could only permit adiabatic changes, since if we allowed heat flow in 
our system at a finite rate we should have increases in entropy arising from 
the finite temperature gradient which would be necessary to maintain this 
flow. Hence in accordance with the classical thermodynamics the condition 
for our contemplated process to be reversible would be that of constant en- 
tropy as given by the equation 


1 
< fff soasaya: = (). (11) 
dt 


In the third place, it is evident that our process could not involve a change 
in volume at a finite rate, for example by the withdrawal of a piston, since this 
would involve mass flow of portions of the fluid which would lead to an in- 
crease in entropy that could be calculated from the difference between the 
pressure actually exerted by the fluid on the moving piston and that which 
would be exerted at an infinitesimally slow rate of expansion. Hence the con- 
dition given by Eq. (11) for our contemplated reversible process might now 
be rewritten with the differentiation inside the integral sign in the form 


ddo 
ff — dxd ydz = (). (12) 
dt 


This final condition, moreover, could evidently be satisfied in our case only by 
taking 


Iho 
ee 0 (13) 
dt 


at all points of the fluid, since for a stationary fluid with no flow of heat there 
would be no possibility at any point for negative values of the quantity 
doo dt. 

This, however, completes the considerations necessary for the classical 
conclusion that there could be no thermodynamic change at all in our fluid 
which takes place both reversibly and at a finite rate. Indeed we see that no 
changes could take place in the system as a whole through interaction with its 
surroundings, since we have found that its volume could not be allowed to 
change at a finite rate and heat could not be allowed to flow through its 
boundary at a finite rate, and no changes could take place in the interior con- 
dition of the fluid since we have found that it could have no macroscopic 
internal motions, no internal flow of heat, and no changes in local entropy 
density which take place at a finite rate. 

b. Relativistic treatment of entropy changes in a thermodynamic fluid. We 
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must now compare this conclusion with that which we would obtain by apply- 
ing relativistic thermodynamics to the same system, namely a finite portion 
of thermodynamic fluid. In this case in accordance with expression (8) in the 
preceding section $6, the condition for a reversible adiabatic change in the 
condition of the fluid would be 


0 dx, 
yy (oo. mad )ardrdas = () (14) 
« Ox 4 ds 


where x, is the time like coordinate and the integration is to be taken over the 
whole range of spatial coordinates x\, X2, ¥; necessary to include the fluid. 
And this condition can evidently be satisfied if we have the equality holding 


at each point in the fluid 
a ax, 
(« ij = 2 ) = 0 (15a) 
0 aa ds 


1 0d 1 a dx ie 
x = ed : (15b) 
do ON: dx, OX; ds 


This expression gives a relation between the percentage rate at which the 
proper entropy density ¢o is changing with the time x; at a given point and 
the percentage rate at which the quantity (\/— ¢ dx,/ds) is changing with the 
time at that same point. The value of this latter quantity, however, is deter- 
mined by the gravitational field at the point in question, and by the kind of 
coordinate system x; - - - x; which is being used. 


or 


If now we assumed the gravitational field negligible, as is tacitly done in 
the classical thermodynamics, and had a fluid with no relative motion be- 
tween its parts, we could choose a system of Galilean coordinates x, y, 2, fin 
which the fluid as a whole would be at rest. In this system of coordinates the 
quantities \/— ¢ and dx;/ds would have the constant value unity and the con- 
dition given by Eqs. (15) would reduce to the result 


doo 


= (0 (16) 
dt 


which we have already found to be characteristic of the classical thermody- 
namics. It is thus by a neglect of the gravitational field and its possible change 
with time that the classical thermodynamics has been led to the conclusion 
that no reversible processes can occur at a finite rate. 

On the other hand in relativistic thermodynamics we must not assume 
that the gravitational field is necessarily negligible but must specifically con- 
sider the part which it plays in thermodynamic processes. Hence in relativ- 
istic thermodynamics we must consider the condition for reversibility given 
by Eq. (15) in its full form, and retain the possibility of mutual changes in 
gravitational field and entropy density taking place together at a finite rate in 
such a way as to satisfy this condition for reversibility. 


~ ree 
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In Part III we shall consider a definite model which exhibits such a 
mutual change in gravitational field and entropy density taking place at a 
finite rate and satisfying the condition for reversibility. To conclude the pres- 
ent section, however, we may first investigate somewhat further the general 
nature of the reversibility requirement given by Eq. (15) 

Consider the case of a thermodynamic fluid which is at rest with respect 
to the spatial coordinates x, x2, x3 which are being used. Since the macroscopic 
velocities dx,/ds, dx2/ds, and dx;/ds are everywhere zero by hypothesis, it is 
evident that the amount of fluid in any given coordinate range dx,dx.dx; 
would not be changing with the time since there is no flow across the bound- 
ary. In accordance with the principles of relativity, however, we can then 
write for the proper volume d V, of the small element of fluid in such a coordin- 
ate range the well-known equation 

: dx, 
dVo = V —gdxjidxodx; - (17) 
ds 
and substituting this expression into the condition for reversibility, as given 
by Eq. (15a), we can rewrite this condition in the new form 
0 = dx, 0 
(6 —g dx \dxodx3 —— ) = —(godVo) = 0 (18) 


Ox, as ON; 


since the coordinates x;, x. and x; are independent of the coordinate x4. 

This equation, however, states that the total entropy for each given small 
element of fluid shall be constant as measured by a local observer, and this is 
merely the condition for a change in the proper volume of the element with no 
flow of heat and with balance between internal and external pressures. Hence 
if we had a fluid with no flow of heat and constant proper pressure through- 
out, a finite rate of alteration in the gravitational field which produced no 
flow of heat and changed the proper pressure at the same rate throughout the 
fluid would satisfy the condition of reversibility. This alteration in gravita- 
tional field, however, would lead to an alteration in proper volume and thus to 
alteration in the entropy density, so that the thermodynamic state of the 
fluid would be changing reversibly and at a finite rate. It is this dependence 
of proper volume on gravitational field, which was quite outside of the con- 
siderations of the classical thermodynamics, which leads in relativistic ther- 
modynamics to the possibility of reversible processes which take place at a 
finite rate. 


ParT III. APPLICATION TO A SPECIFIC MODEL 
$8. The general nature of the model. 


We may now apply the foregoing considerations to a specific model. For 
this purpose we shall take a non-static universe’ filled with a uniform density 
of black-body radiation. The choice of this model is not made because it is 


8 For an account of various treatments which have been given to the non-static line ele- 
ment for the universe, see Tolman, Proc. Nat. Acad. 16, 582 (1930). 
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thought to give a close approximation to the actual state of the universe but 
because the mathematical treatment will be relatively simple. The model 
neglects the presence of matter and its agglomeration into stellar systems 
which are very characteristic features of the actual universe. Nevertheless, we 
shall find that the behaviour of the radiation in such a universe furnishes a 
surprizing possibility of insight into the flow of radiation from the stars which 
is such a puzzling feature of the actual universe. 


$9. The line element for the non-static universe. 


The line element for a non-static universe filled with a uniform distribu- 
tion of matter and energy can be derived’ by treating the contents of the 
universe for the purposes of large-scale considerations as though filled with a 
perfect fluid, on the basis of the two requirements, (a) that the fluid shall at 
all times be uniformly distributed spatially, and (b) that particles (nebulae) 
which are stationary in the coordinate system used shall fulfill the stability 
requirement of not being subject to acceleration. 

The line element so obtained can be written in a variety of forms depend- 
ing on the choice of coordinates, and for the purpose of the discussions in the 
present article it will be most convenient to write it in the form!” 


dr? 
ds? = — ev (. + r°de> + r* sin* 646°) + dt? (19) 


” »» 


fl te 


where 7, 6 and ¢ are the spatial coordinates, ¢ is the time coordinate, R is a 
constant, and the dependence of the line element on the time is given by the 
exponent g(/). 


$10. Certain general properties of the non-static universe. 

Before proceeding to our special model, it will be desirable to recall certain 
properties which are implied in general for the non-static universe by the 
form of the line element and which will be needed in our later discussion. 

In accordance with the requirement (a) on which the line element was 
derived, the proper macroscopic density poo and the proper pressure py of the 
fluid which fills the universe wil! be independent of the position 7, 6, @, but 
may be changing with the time ¢. And indeed working out the components of 
the energy-momentum tensor 7% which correspond to the line element (19) 
and equating to those for a perfect fluid we obtain as the only non-vanishing 
components'! 





1 2 3 1 3 
8r7; = 8rT > = 8rT'; = Sx po =-—¢ + g +- = g —A (20) 
R? 4 
7 3 3 21) 
84T, = 8rpo00 = —e *+—g*-A (2 
R? 4 


® Tolman, Proc. Nat. Acad. 16, 320 (1930). See also Ibid. 16, 409 (1930), and note that the 
five assumptions mentioned in §2 of that article can be included under the heading of the two 
requirements (a) and (b) given above. 

10 Tolman, Proc. Nat. Acad. 16, 511 (1930). Eq. (5). Note that the 7 of that article is our 
present r. 
1 Tolman, Proc. Nat. Acad. 16, 409 (1930). Eq. (2). 
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where A is the cosmological constant; and these equations give the depend- 
ence of pressure and density on the exponent g and its time derivatives ¢ 
and #, and thus on the time itself. 

With the help of these expressions for the components of the energy-mo- 
mentum tensor we can now easily apply the principles of relativistic mechan- 
ics in the well-known form 


az, 1 OLas 
cee se ont OD cnn om OO. ( 


~ 


Ox, 2 Ox 


bho 
i) 
— 


bh 


With »=1, 2, 3 we merely obtain identities, but substituting into this equa- 
tion for the case 4 =4 we can easily obtain after dividing through by a con- 
stant factor™ 

d d 


onet Gas e°9 2) + Po “435 
it ( 


epa/2 = 0. (23) 
r lt 


This important result can evidently also be obtained directly by combining 
Eqs. (20) and (21). 

In accordance with the requirement (b) on which the line element was 
derived, particles which are at rest with respect to the coordinate system r, 
6, d will not be subject to acceleration but will remain at rest. And this can be 
directly verified by calculating the Christoffel three-index symbols which 
correspond to the line element (19) and substituting in the geodesic equation 
which governs the motions of particles in general relativity. 

As a result of the foregoing, observers who are at rest with respect to 
the coordinate system will remain permanently so. And in accordance with 
the form of the line element (19), for such observers, the proper time as meas- 
ured by local clocks will evidently agree with the coordinate time ¢. On the 
other hand, for the proper distance d/) as measured with rigid meter sticks we 
shall evidently have 


dh, = — (24) 
\ 1 = ¢ R? * 
for points at the coordinate distance dr in the radial direction, and 


dl, = ye? 2d0 and dlp =f sin be? -do (25) 


for the 6 and ¢ directions. For the proper volume dV» associated with a given 
small range of coordinates we shall have 
; r? sin 6 e89/? 
dV) = — —— drdéd¢. (26) 
V1 — r*/ R? 

Although particles which are at rest in the coordinate system 7, 0, @ will 
remain so, nevertheless it is evident from Eqs. (24) and (25), that the proper 
distance between such particles as measured with rigid meter sticks will in 
general be changing with the time, since the exponent g is itself a function of 


12 See reference 11, Eq. (4). 
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the time. Thus for the proper distance between a particle located at the origin 
r=(0 and a particle permanently located at the coordinate distance r=r, we 


sd e9/?dr ; r 
l, = } = ¢9/*R sin"! ( 
Jo V1 


shall have 


Ir 
I 


— r-/k? R 
and this will be increasing or decreasing with the time in accordance with the 
dependence of g on the time. Also in accordance with Eq. (26), the proper 
volume associated with a given coordinate range will be a function of the 
time, and for the proper volume of the universe as a whole we shall have 


; elT 2 7 ok r° sin a e39 2 , 7. 
Vo= = drd@do@ = r*Rie34!?, (28) 
J 0 ef 0 \ 1 om ra R? 


In accordance with this result it is natural to consider Re®* as the radius 
of the universe and to speak of an expanding universe if g is increasing with 
the time and of a contracting universe if g is decreasing with the time. 

The change with time in the proper distance between objects in the uni- 
verse leads to a shift in the observed wave-length of light coming from distant 
objects, a shift towards the red in an expanding universe and a shift towards 
the violet in a contracting universe. The magnitude of this shift is given by 
the formula" 

Ao + 6A 
P 


SY 


A 


: 29 


where gp is the value of the exponent occurring in the general expression for 
the line element at the time when the light was emitted with the original wave- 
length Ao, and g is its value at the time the light is received and observed to 
have the wave-length Aj + dA. 

In accordance with this formula we may regard the wave-length, which 
would be found by a local observer for any given quantum of light, as a quan- 
titv which is changing with the time in accordance with the change of g with 
the time. And, indeed, differentiating Eq. (29) with respect to the time we can 
evidently write 

1 dd 1 d 1 dg 
= Ao + OA) = (30) 
rh dt Ao + OA dl 2 dl 
as an expression for the fractional change in the wave-length of any given 
quantum with the time. Or in terms of frequency we can write 
1 dp 1 dg 
= (31) 
vy dt 2 dt 
as an expression for the change in the frequency of radiation with the time, 
v being, of course, the frequency as measured by proper observers who are at 
rest with respect to the fluid in the universe and hence also at rest with re- 
spect to the coordinates 7, 0, . 


18 See reference 11, Eq. (21). 
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This completes the statement of general properties of the non-static uni- 
verse which we shall need in discussing our special model. 


$11. Properties of non-static universe filled with black-body radiation. 


We may now turn to the discussion of the special model in which we take 
the thermodynamic fluid filling the universe to be a uniform distribution of 
black-body radiation of the same proper density throughout, a proper observ- 
er being one who finds no net flow of radiation. 

Under these circumstances we can obtain a great simplification in treat- 
ment since it is evident that the proper macroscopic density of the fluid poo 
and its proper pressure fo will be related by the well-known expression con- 
necting the density and pressure of radiation 


Poo = 3po. (32) 
And this permits us to obtain an immediate relation between the pressure of 
radiation in such a universe and the time variable g, since by substituting in 
the general Eq. (23) we have 


— o€ Pos é (33) 
and this can at once be integrated to give 
po = Ae?" and -~—s poo = -3Al™*4 (34) 


where A is the constant of integration, the pressure and density of radiation 
thus being quantities which decrease as the radius of the universe Re?’? in- 
creases. 

As an important consequence of this result it now becomes possible to 
obtain a solution for g as a function of ¢. Substituting the expression for 
proper density given by Eq. (34) into Eq. (21) we obtain after some rear- 
rangement 


d 
dt 


ae 
ui 


4 4 
(e?) = + \ 327A — —— 9? + — Ae*" (; 
R? 3 
as a differential equation for the dependence of g on ¢, where the plus sign 
corresponds to an expanding universe and the negative sign to a contracting 
universe. Eq. (35) can itself then easily be integrated to give an explicit solu- 
tion for g as a function of t. The form of the solution will depend on the sign of 
the cosmological constant A, and it is merely of interest for our present pur- 
poses to remark that for the case of a universe containing nothing but radia- 
tion there appears to be no solution, having physical reality, which would 
make g a periodic function of ¢. ‘ 
As the most important consequence, however, of the expression for den- 
sity given by Eq. (34), we can now show that the changes taking place in 
such a universe on account of the changing value of g are thermodynamically 
reversible. In accordance with Eq. (34) and the well known relation of Boltz- 
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mann connecting the density of black-body radiation with its temperature, 
we can write 

poo = 3Ae-72 = aT, (36) 
where a is the Stefan-Boltzmann constant and 7 is the proper temperature. 
Solving this for the temperature and substituting in the known expression 
for the entropy density of black-body radiation, we obtain 


4 at a\ "is ; ; 
do= —ele = 4i—] Ae %e" (37) 


as an expression for the proper entropy density of our fluid.“ On the other 
hand in accordance with Eq. (26) we have 


; r* sin 6 e82!* 
dl gq => "= - : - drdéd@ (38) 

\ 1 _— n*, R? 
as an expression for the proper volume associated with the coordinate range 
drdéd¢. Hence combining the two expressions (37) and (38), we can evidently 
write 

re) ; 
(dod I 0) = 0 (39) 


at 
since g is the only quantity involved which depends on the time and this is 
seen to cancel out from the product. 

The final result, however, is the very expression which we obtained in 
Part II ($7, Eq. (18)) as a general condition for a reversible process in relati- 
vistic thermodynamics. And since g and hence @p will in general be changing 
in such a universe at a finite rate, we have thus actually illustrated by a 
specific example the possibility provided by relativistic thermodynamics 
for reversible processes to take place at a finite rate. 


$12. Interpretation by an ordinary observer of phenomena in an expanding 
universe filled with radiation. 


Turning our attention now in particular to the case of expansion, with the 
radius Re’’? increasing with the time, we can show that the special model of a 
universe, filled with black-body radiation and expanding reversibly without 
increase in entropy, would nevertheless exhibit important phenomena which 


14 The relations connecting energy density and entropy density with temperature, used in 
(36) and (37), presuppose that the frequency distribution of the radiation remains that for 
black-body radiation for all values of g. This introduces no difficulty, however, since even if 
there were a tendency for the frequency distribution to change away from that for black-body 
radiation, as the size of the universe changes, this could be prevented by the introduction of a 
small amount of material to act as a catalyst; and in actuality there is of course no such tend- 
ency since it would involve a decrease in entropy. In addition it can be shown in detail that 
the dependencies of frequency and energy density on g given by Eqs. (31) and (34) are such as 
to preserve the black-body distribution of frequency for all values of g, if we have such a dis- 
tribution for one value of g. 
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would be interpreted by an ordinary observer as similar to phenomena in the 
actual universe which have been regarded in the past as important evidence 
for an increasing entropy of the universe. To obtain a description of these phe- 
nomena, we shall consider that the observer in question marks out a small 
region of the universe in his immediate vicinity, using rigid meter sticks, and 
then studies the changes taking place in this region. We shall then show that 
the observer will find the density of energy in this region and the total energy 
content of the region continually decreasing with the time, its temperature 
dropping, the number of light quanta leaving the region always greater than 
the number entering, and the average frequency of the quanta which leave 
greater than the average frequency of those that enter. Evidently our ordi- 
nary unsophisticated observer would interpret these findings as evidence 
that his immediate neighborhood was cooling off by radiation into the colder 
depths of space, and with a knowledge only of the classical thermodynamics 
he would conclude that the entropy of the universe was increasing at an enor- 
mous rate, in spite of the fact that the relativistic thermodynamics, which 
must be used under the circumstances, actually shows that there would be no 
increase in entropy in such a universe. The analogy between the phenomena 
interpreted by this unsophisticated observer as leading to an increase of en- 
tropy and phenomena in the actual universe which have hitherto been inter- 
preted in a similar manner is close enough so that we must certainly be cau- 
tious lest we draw too hasty conclusions as to increases in entropy in our 
actual universe. 

To proceed now to the detailed exposition, let us consider that the ob- 
server in our idealized model of the universe is located for convenience at the 
origin of the r, 8, @ system of coordinates and is provided with a rigid scale of 
proper length d/o. With the help of this scale he marks out a small sphere 
around the origin of constant proper radius /), which gives him a small region 
of the universe in his immediate vicinity to serve as the subject of his studies. 

For the relation between the constant proper radius of this sphere and the 
coordinate r of its boundary we may evidently write in accordance with Eq. 
(24) 


lo =f ———————— = ¢?!2R sin" (40) 
0 ' R 


and for the case in hand where the sphere considered is very small compared 
with the whole universe, so that r is small compared with R, we obtain from 
this the approximate relation 


r = 1) e- 9/2, (41) 


Since the proper radius of the sphere /) is constant by hypothesis, we note 
that the coordinate r of its boundary is a quantity which is decreasing with 
the time in an expanding universe owing to the increase in g with time. 

For the proper volume of this sphere contained within the radius /) we can 
evidently write in accordance with Eq. (26) 
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(42) 


2 R 


Developing this in the form of a series in 7 R and neglecting higher powers, 
we obtain 


1 or 1 #3 1 Pr 
Vo = 4re* Ke ~~ T  —- le a 
2 R + 10 k° 


lr Lr 37 4 
ss + te 3 - oss 5 owe —ageiete!®, (43) 


And substituting the value of 7 given by Eq. (41), we obtain for the proper 
volume of the sphere in terms of its proper radius /o, as a close approximation, 
the result which might be expected 
4 3 
Vo = — rl (44) 
A | 
which is a constant independent of the time. 

We may now consider the nature of the observations which our observer 
would find in studying this sphere of constant measured radius which he has 
marked off. 

As a result of Eq. (34), the proper energy density at every point in our 
special model of the universe would be changing with the time ¢ in accordance 
with the expression 

1 d poo dg 
; mw Ds . 45) 
poo dl dl 
Moreover, the measurements of energy density which our observer would 
make in his immediate neighborhood would actually be measurements of 
proper energy density, and from the form of the line element (19) the proper 
time which he uses would agree with the coordinate time ¢. Hence it is evident 
that our observer would find the energy density in his vicinity to be decreas- 
ing with the time in accordance with Eq. (45). 

Furthermore, in accordance with Eq. (44), the proper volume of his sphere 
of constant measured radius is itself independent of the time. Hence it is evi- 
dent that our observer would find the total energy content Eo of his sphere 
decreasing at the rate 


1 dg dg 
ee ae (46) 
ky dt dt 


In addition, owing to the relation between energy density and tempera- 
ture for black-body radiation given by Eq. (36), it is evident that our obser- 
ver would find the temperature in his vicinity to be dropping at the rate 


1 dT, 1 dg 
a a as (47) 
T, dt 2 dt 
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Still further, since the total number of light quanta in the universe would 
be independent of the time, and the proper volume of the universe as a whole 
would be increasing with the time while the proper volume of the observer’s 
sphere remained constant, it is evident that the observer would find a larger 
number of light quanta leaving his sphere per second than entering. To calcu- 
late this excess we may evidently write for the number of quanta » inside the 
sphere in terms of the total number of quanta N in the universe 


f- -———— V (48) 


where the numerator of the fraction is the proper volume of the sphere as 
given by Eq. (44) and the denominator is the total proper volume of the uni- 
verse as given by Eq. (28). And carrying out a logarithmic differentiation of 
this with respect to the time we obtain 


1 an 3 dg 


: . (49) 
n dt 2 al 


which gives the net loss per unit time in the number of quanta within the 
observer's sphere. The result so obtained, when combined with the rate at 
which the frequencies of the quanta are decreasing with the time as given by 
Eq. (31), is just sufficient to account for the rate of decrease in the proper 
energy of the observer's sphere as given by Eq. (46). 

Finally, we may point out a curious circumstance which would reinforce 
our unsophisticated observer in his interpretation of the above phenomena as 
radiation into surroundings of lower temperature. Let us suppose that our 
observer, ever active in his scientific investigations, stations one of his assist- 
ants on the boundary of his sphere at the fixed distance /) from the origin as 
measured with rigid meter sticks, and instructs him to observe the average 
frequency of the light entering and leaving the sphere through its surface. 
This assistant will not be at rest in the coordinate system r, 6, ¢, but in accord- 
ance with Eq. (41) will have the coordinate velocity 

dr 1 dg 1 dg 


pe hyp Oe em me (50) 
dt 2 dt 2 dt 


Hence, since it is evident that the average frequency of the radiation would 
be independent of direction for an observer at rest in the coordinate system, 
this assistant will find the average frequency of the radiation entering the 
sphere less than that of the radiation leaving the sphere, as a result of the 
Doppler effect corresponding to the velocity given by Eq. (50). 

This completes a considerable chain of evidence which would lead an or- 
dinary observer, unfamiliar with the expansion of the universe, to conclude 
that the region in his immediate neighborhood was cooling off by radiation 
into surroundings of lower temperature, in spite of the fact that the changes 
taking place in the model actually involve no increase in entropy. The analogy 
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between the findings of this observer in the hypothetical model and those of 
the classical thermodynamist in the actual universe is very striking. 


Part IV. CONCLUSION 
$13. Summary. 

In the foregoing article an attempt has been made to show the bearing of 
relativistic thermodynamics on the well-known problem of the entropy of the 
universe as a whole. The origin of this problem lies in the difficulties encoun- 
tered by the classical thermodynamics,—first in failing to account for the pre- 
sumed fact that the entropy of the universe has always been increasing at an 
enormous rate and nevertheless has not yet reached its maximum value,- 
and second in failing to allow an emotionally satisfactory feeling towards our 
universe whose ultimate fate would be the stagnation of “heat-death.” 

In the present article a brief description was first given of various older 
contributions to the solution of this problem, which have been based on the 
standpoints of the classical thermodynamics and statistical mechanics. This 
was done in order to show the very different character of the new contribu- 
tion proposed in this article. A summarized account of the nature of this 
contribution may now be given. 

The problem of the entropy of the universe arises because of the com- 
monly accepted conclusion that the entropy of the universe is actually in- 
creasing at an enormous rate, and this conclusion is in turn based on the pre- 
sumption, familiar in classical thermodynamics, that thermodynamic pro- 
cesses cannot be taking place at a finite rate, as observed, and at the same time 
reversibly without increase in entropy. The general nature of the contribu- 
tion to the problem offered by relativistic thermodynamics lies in showing 
that there can be thermodynamic processes which take place both reversibly 
and at a finite rate. 

To illustrate this difference between the classical and relativistic thermo- 
dynamics, we may consider the possibility of carrying out a reversible change 
in the thermodynamic properties of a finite portion of thermodynamic fluid. 
In the classical mechanics it is found that no internal motions of the fluid, no 
flow of heat, and no change in volume can be allowed to take place at a finite 
rate and hence that no change at all in the thermodynamic properties of the 
fluid can take place at a finite rate, the entropy density of the fluid remaining 
constant in accordance with the equation 


dodo 
dt 


On the other hand, in relativistic thermodynamics it appears possible to al- 
low changes in the proper volume of the fluid, due to changes in the gravita- 
tional potentials, to take place at a finite rate and still maintain reversibility. 
Indeed, the condition for reversibility is found to be satisfied if we have at 
each point in the fluid the relation 
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0 - dx, 0 
Pov ah Is dsydedxs) = (dod V 9) = Q@ 
€ 


OX; ds x4 


and this permits a finite rate of change in the proper entropy density » with 
the time x;, provided it satisfies the equation 


dx, Odo a) d V4 
(. —7 ‘): + oo- (v= ) =o. 
ds J Ox, Ox, ds 


To exhibit the nature of the reversible changes at a finite rate thus per- 
mitted in relativistic thermodynamics, we may consider the highly idealized 
model of a non-static universe filled with black-body radiation as our thermo- 
dynamic fluid. It is found that the radius and total proper volume of such a 
universe could be changing at a finite rate with the time and yet reversibly 
without increase in entropy. 

Furthermore, if we take the case of an expanding universe and consider 
an observer who marks out with rigid meter sticks a small region of the uni- 
verse in his vicinity, it can be shown that he would find the energy density, 
the energy content, and the temperature of this region decreasing with the 
time, and in addition would find the number of light quanta leaving the region 
per second greater than the number returning and the average frequency of 
those passing outward through the boundary greater than that of those re- 
turning. He would thus be led to interpret the phenomena taking place in 
such a universe as a flow of radiation from his immediate neighborhood out 
into the colder regions of space, in spite of the fact that the changes in the 
universe would in reality be taking place without any increase in entropy. 

The general nature of the contribution to the problem of entropy made 
in this article has thus been to show that phenomena which have hitherto 
been regarded from the point of view of classical thermodynamics as furnish- 
ing unmistakable evidence for an increasing entropy in the universe are not 
necessarily leading to any increase in entropy at all, and to emphasize the 
necessity for analyzing the phenomena of the universe from the more accept- 
able point of view of relativistic thermodynamics before conclusions are drawn 
as to what extent the entropy of the universe is increasing if at all. 


$14. Critique. 


Finally a few words of criticism will not be out of place. The foregoing 
statement as to the nature of the contribution made in this article carries with 
it at least the possible implication that an analysis of the phenomena of the 
actual universe from the standpoint of relativistic thermodynamics would 
show that there are in reality no important changes at all taking place in the 
entropy of the universe. 

I feel, however, that although the article has clearly demonstrated the 
necessity of using relativistic thermodynamics in analyzing the entropy 
changes of the universe as a whole, it would be premature to assert too pre- 
cisely what is to be expected as the result of such an analysis until it has been 
applied to a model of the universe which is not so over-simplified as the one 
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employed in this article. This model of a universe, containing nothing but 
radiation, neglects two of the most characteristic features of the actual uni- 
verse, namely the presence of matter and its high degree of concentration into 
stellar systems. At a later time I hope to give more consideration to these 
properties of the universe. They appear, however, greatly to increase the 
mathematical complexity of the problem and for this reason I have contented 
myself for the present with a very simple model, which can nevertheless give 
us considerable insight into the problem of the entropy of the universe. 

One feature of the model which was mentioned in $11 should perhaps be 
emphasized, namely that there appear to be no periodic solutions of Eq. (35) 
for g as a function of ¢ which would have physical interest. Hence if we had 
an expanding model of the kind considered it would continue to expand, rever- 
sibly to be sure, but without actual return to its original condition. Our model 
is so over-simplified, however, that we must no conclude therefrom that 
periodic solutions would not be of interest for the actual universe. 

Further it should perhaps also be emphasized again that the theory of 
fluctuations may play an important part in a relatively complete treatment of 
the entropy of the universe. At the present time, however, we cannot say just 
how large this part may be. 

In conclusion then, it has apparently been definitely demonstrated that 
the problem of the entropy of the universe as a whole must be treated with 
the help of relativistic rather than classical thermodynamics, and it has been 
shown that the application of relativistic thermodynamics to a highly over- 
simplified model of the universe gives results of great interest. It remains for 
the future, however, to consider the application of relativistic thermodynam- 
ics to more complicated models which would give a better approximation to 
the actual universe. 
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ABSTRACT 


The resolving power of a spectrometer in the infrared is limited by the rate at 
which energy passes through the exit slit of the spectrometer. Calculation of the 
energy available for activating a thermocouple, under condition that the exit slit 
embrace the same frequency range Av of spectrum at all times, gives information on 
the attainable resolving power at various wave-lengths and with various prisms. The 
best dispersing angle for a sylvine prism to be used from 8 to 22 is from 70° to 75°. 
A lamellar prism construction is described. 


INTRODUCTION 


N THE spectral region where a photographic plate, which measures the 

energy received during the time of exposure, is used, the resolving power 
of a spectrometer is limited by interference effects. However, in the infrared 
where a thermocouple or radiometer is used one does not measure the energy 
received over an arbitrary period of time but the rate at which energy is re- 
ceived. This available energy rather than interference effects places the limit 
on the resolving power of the spectrometer. 

It was the purpose of this investigation to make calculations of the energy 
available for activating a receiver (such as a thermocouple). The energy of a 
continuous spectrum passing through the exit slit, with both slits equal, is 
proportional to the square of the slit width, so that if the value for the avail- 
able energy at any particular wave-length and for a particular dispersing 
prism is greater, by a factor a, than the energy necessary to give a definite 
response of the receiving device, then the spectrometer slits may be closed by 
a factor 1/a' and still give a practical deflection. The available energy is 
therefore a measure of the resolving power which is attainable under varying 
conditions as long as the limit set by interference effects is not exceeded. 

The calculation of available energy is instructive on account of the infor- 
mation that it gives regarding the resolving power attainable in various re- 
gions of the spectrum. The determination of the absorption spectrum of a 
gas in the infrared consists of a study of the heat radiations emitted from 
some convenient source and the changes in spectral energy distribution which 
result from the introduction of the gas into the radiation path. The spectrum 
emitted from a heated body possesses very little energy at long wave-lengths 
since the emission cannot exceed that from a black body which varies in- 
versely with the fourth power of the wave-length. This scarcity of available 
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energy at long wave-lengths would seem to place a serious limitation upon 
the character of experimental work that might be done at long wave-lengths. 
However, the results of Robertson and Fox! with a rocksalt prism on the 
oscillation-rotation spectrum of ammonia and similar molecules shows a defi- 
nite improvement in resolution at the longer wave-lengths. These calculations 
will show in a quantitative way that similar improvement at long wave- 
lengths is to be expected for a sylvine prism. 

The calculation of available energy for various prisms shows the best 
prism to use for a particular spectral region. For the entire spectral range for 
which sylvine is a useful prism material, it is best to have as the dispersing 
angle of the prism 70 to 75 degrees. Usually a 60° prism is considered best 
but this is neither obvious nor a consequence of the classical works of Picker- 
ing? and of Wadsworth.* These authors made calculations of the best dimen- 
sions for prisms made from materials having values for the refractive index 
varying between 1.5 and 1.8. Their calculations do not hold because sylvine 
has refractive indices below 1.5 in the infrared, also the formula used by 
Pickering and Wadsworth for the transmission of a prism is invalid except 
when the absorption is very low. 


PRILIMINARY CONSIDERATIONS 


When a band system in the infrared is plotted with wave number rather 
than wave-length as the abscissa one gets a more natural picture, since the 
fineness of structure is then approximately the same throughout the spectrum. 
On the other hand, if wave-length is used as abscissa, the structure appears 
coarser at longer wave-lengths and in fact if Av is taken as a measure of the 
fine structure of the band system the corresponding AX becomes greater at 
longer wave-lengths according to the formula 

h* Av 
AA = 
( 

This means that if the slit of the spectrometer is adjusted so that the wave- 
length interval in the slit is increased proportionally with \? it will embrace 
the same frequency range of spectrum. The energy passing through the exit 
slit is proportional to the spectral energy density of illumination of the slit, 
Ey, multiplied by the square of the slit width. For a black body at long wave- 
lengths £, is proportional to A~* while for an ideal spectrometer having con- 
stant dispersion and constant efficiency the slit width, s, would be propor- 
tional to A? and &)s°, the energy passing through the exit slit, would be inde- 
pendent of A. By constant efficiency it is meant that the same fraction of the 
energy of various wave-lengths is lost by reflection at the various surfaces in 
the optical path and by absorption in the prism. This means that the resolv- 
ing power measured by the rational magnitude Av will be the same through- 
out the spectrum. 


1 R. Robertson and J. J. Fox, Proc. Roy. Soc. A120, 128 (1928). 
2 Pickering, Phil. Mag (4), 36, 39 (1868). 
3 F, L. O. Wadsworth, Astrophys. J. 2, 264 (1895) 
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For a spectrometer which is not ideal the energy passing through the exit 
slit increases as the dispersion increases and decreases as the efficiency de- 
creases. 6n/6\ for the materials transparent in the infrared increases at longer 
wave-lengths while the transparency decreases. The dispersion factor pre- 
dominates at first and so the available energy (when the slit width is constant 
as measured by Av) increases and greater resolving power is attainable at 
longer wave-lengths. This for sylvine is a result similar to the experimental 
results of Robertson and Fox. The available energy passes through a maxi- 
mum and rapidly decreases as the transparency factor becomes predominate. 
When the dispersing angle of the prism increases the dispersion increases, 
at first slowly, then rapidly, while the light lost by reflection increases. It was 
for the purpose of arriving at the best compromise between these varying 
factors that the following calculations were made. 


ENERGY AVAILABLE TO ACTIVATE RECEIVER 


For a simple prism spectrometer the energy, e, passing through the exit 
slit is given by the following expression 


A Se 
e = Exsd; — —— TFR. 
fr : dé 
fy - 
" dx 


The symbols are defined by the following formulas: 
Ey is the spectral energy density of illumination of the entrance slit and 
for long wave-lengths this is given by the Rayleigh-Jeans formula. 
dirki 
ae cn’ 
r? 


s, and /,, are width and length respectively of the entrance slit. 

A is the effective area of the collimating mirror of the spectrometer. For 
a large collimating mirror this is the area of the prism face (i Xb if h is the 
heighth of prism face and } the length) projected on the plane of the mirror 
face. If 7 is the angle of incidence of the light on the prism face, A is defined by 
the equation A =h Xb cos 1. 

f, and f, are the focal lengths respectively of the collimating and telescope 
mirrors. 

$2 is the width of the ewit slit. 

d6@/dX is the dispersion of the prism and it may be broken up into two 
factors (00/6n) X0n/OX. For a prism at minimum deviation 06/0n is given by 
2 sin (@/2)/cos 7 where ¢ is the dispersing angle of the prism. Values of 0n/0X 
are defined by the empirical formula given by Rubens? for the index of re- 
fraction of sylvine. 

7 is the transmission of the prism. This is given by the formula 

1 


T = —(1 — e«*”) 
KT 


* Rubens, Ann. d. Physik 54, 476 (1895); 60, 724 (1897). 
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The absorption coefficient is represented by « and the width of the prism 
opposite the dispersing angle is represented by 7. For values of x7 less than 
0.1 the values of 7 are given approximately by the formula used by Pickering 
and Wadsworth in their work, 7 =e 47*. For values of «vr greater than 5 the 
values of 7 are given approximately by 1/«7. Table I gives values of 7° for 
various values of xr. 


TABLE I, 
KT T KT i AT T KT 7: 
0.01 0.995 0.11 0.946 0.1 0.952 1 0.632 
02 989 <82 943 2 906 2 432 
.03 985 as 938 3 864 3 .317 
04 980 14 934 4 824 4 245 
.05 975 15 .929 a 787 5 .198 
06 .970 .16 924 6 bY. 6 . 166 
.07 .966 me .919 ia 719 7 .143 
.O8 961 .18 915 .8 .688 8 me 3 
.09 .956 .19 O11 9 .659 9 -111 
.10 .952 .20 .906 1.0 .632 10 .100 


F is a factor which takes account of the loss of light due to reflections at 
the two prism surfaces and is represented by the following formula, 


. j 1 sin? (? — r) 1 tan* (¢— r)])* 
Fk = St Gree + 1- aves 
(2 sin? (2 + r) 2 tan? (i+r)J! 
where ¢ is the angle of refraction at the prism face. 

R is the total reflectivity of all the spectrometer mirrors and is considered 
constant. For eight normal reflections from polished silver the loss of light is 
8 percent at 10u and 4 percent at 20u. 

If f; =f, and if the spectrometer slits are equal and always adjusted so that 


the frequency interval they subtend is constant then s; and sy may be sub- 
stituted for by the expression 


: dé A“ Avo 
Se = $1 = Ii 
dd c 
where Avy corresponds to the constant frequency interval embraced by the 
slits. 
Substituting in the formula for e gives 


SrktdyyhbR , an o 


€e = z I: sin 
c*fy Or 2 
or 
re, 
exe= [} sin 
Or 2 


Values of F for various prism angles, ¢, and various wave-lengths are 
given in Table II. For the calculation of € given in Table III, 7 was given the 
value 10 centimeters. 
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TABLE IT. Values of F for various and X. 


o 10.02u 14.144 17 .68u 20 .6u 22.5u 
0 0.931 0.936 0.942 0.947 0.971 
60° .910 .917 .925 .934 .966 
70° .873 .885 .898 901 .957 
bt .799 .847 .846 . 886 .950 
s0° 727 .768 .805 .840 .937 
85° .419 .563 .662 735 915 
90° . 244 .877 
TABLE III. Values of ¢ for various @ and X. 

o 8.84u 10.024 11.792 12.964 14.144 15.91 17.684 20.64 22.5u 
15° 4.0 4.1 4.3 5. 6.8 7.4 7.! 6.5 5.1 
30° 7.9 9.1 10.8 11.9 12.9 13.5 i.2 8.1 5.4 
45° 11.6 13.0 15.8 7.2 18.8 18.4 i 8.2 5.6 
60° 15.0 17.2 20.3 Be 23.0 22.1 19.6 8.2 5.6 
70° 16.5 18.9 22.4 23.6 24.8 23.6 19.9 8.1 ee 
75 16.0 18.4 Se 23.5 25.0 23.9 19.6 8.0 5.4 
80° 14.0 ) iy 21.2 yt Pe 23.6 22.7 18.5 Pe 5.4 
85° a2 10.7 14.6 16.5 18.1 18.9 15.5 5.4 ae 


It would seem impractical to narrow the slits narrower than the frequency 
interval Av’ corresponding to the theoretical resolving power of the spectrom- 
eter. For a prism spectrometer this is given by the Rayleigh formula. 

, ae. 
Av = — 

A(dn/AX)r 
If the absorption coefficient is high only the apex of the prism will transmit 
radiation and the value of 7 to be substituted in the formula is much less than 
the actual value of 7. In order to get an idea of how this limiting frequency 
interval, Av’, varies as one goes deeper into the infrared it may be calculated 
using a value corresponding, for that wave-length in question, to a prism 
having a transmission of 95 percent. The values of rr_.9; are given in Table IV 
TABLE IV. Values of rr.9; and Av’ for various wave-lengths. 


N | 11.79 12.96 14.144 15.91u 17 .68u 20 . 6u 22.54 
K 0.004 0.0175 0.0270 0.065 0.135 0.515 1.00 em" 
Tra.95 || 25 5.72 3.71 1.54 .74 .19 10 cm 
Av’ 2.6 3.4 6.2 9.9 26.4 38.4 em” 


together with corresponding values of Av’. It is interesting to compare these 
limiting frequencies with the resolving power successively realized by Bur- 
meister, Eva von Bahr, Brinsmade and Kemble, Imes and Randall, and 
Meyer and Bronk in their classical investigations of the fundamental oscilla- 
tion band of HCI. Their slit widths reduced to the same units used in Table 
IV are respectively 40, 10, 7, 4 and 3 cm™. 

When only the apex of the prism transmits appreciably and it is not pos- 
sible to realize the limiting resolving power on account of the insensitivity of 
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the receiver one may double or quadruple the energy passing through 
the exit slit by using two or four identical prisms side by side which are tall 
compared with 7. Such an arrangement is shown in Fig. 1. Since it is much 
easier to make a plane parallel plate than to make a prism whose faces make 
a prescribed angle with each other, an alternative arrangement is illustrated 
by Fig. 2. The back of each parallel plate is silvered by evaporation, the plates 





— 

















; 
red surfa Silvered surfaces 


Fig. 1. Fig. 2. 


are waxed together and the ensemble cut and polished along the dotted line 
so as to give a lamellar prism with dispersing angle 35° to 37.5°. This will 
form a Littrow half prism into which the light will not need to penetrate 
deeper than the thickness of the parallel plates used. It is, however, more ad- 
visable to use a prism which is more transparent in the desired spectral region. 


CONCLUSION 


From the values of € given in Table III and the values of rr—.9, and Av’ 
given in Table IV, we may draw the following conclusions. 

1. A dispersing angle of 70° to 75° is best for a sylvine prism to be used 
from 8 to 22u. Table III shows the available energy for these prism angles to 
be greater for all wave-lengths out to 18u. Beyond 18u, there is so little differ- 
ence in the available energy that the construction of a special 15° prism for 
this region is not justified. 

2. A sylvine prism with a 10 cm base is useful to 18u. In spite of the fact 
that the energy for illuminating the entrance slit of the spectrometer de- 
creases with the fourth power of the wave-length, it will be observed from 
Table III that the energy available for activating a thermocouple increases. 
This means that the resolving power increases at longer wave-lengths as long 
as the available energy, rather than interference effects, places the limit on 
the resolving power of the spectrometer. 

3. Values of tr-.9; in Table IV show that only the apex of the prism 
transmits radiations. The available energy may be increased several fold by 
the use of a lamellar prism construction. This should make it possible to re- 
alize approximately the theoretical resolving power of one of the lamella. 
Such a lamellar prism would be particularly useful when the radiations are to 
be further dispersed with a grating. It is possible that the use of another prism 
material, such as potassium iodide (transparent to wave-lengths greater 
than 33u) would be better. However, since no material is yet known which is 
more transparent than potassium iodide it may be advisable to use a lamellar 
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prism of this material in order to extend the region open to prism spectros- 
copy as far as possible. The optical properties of potassium bromide and 
potassium iodide are being investigated by the author so that a set of values 
of ¢ for all the infrared prism materials may be compiled. 

4. An examination of the proportionality factor between e and € shows the 
available energy is inversely proportional to the focal length of the spectrom- 
eter collimator. This result indicates that a spectrometer of the Pfund type 
would give the best resolution. 
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Prompt publication of brief reports of important discoveries in physics may 


re secured by addressing them to this department. Closing dates for this de part- 


ment are, for the first issue of the month, t 


month; for the second issue, the thirteenth of the month. 


J 


le twenty-eighth of the preceding 
‘he Board of Editors 


does not hold itself responsible for the opinions expressed by the correspondents. 


The Effect of Meteors on Radio Transmission Through the 
Kennelly-Heaviside Layer 


A consideration of the available data on 
meteor trains indicates (1) that meteors ex- 
pend the larger part of their energy in the 
Kennelly-Heaviside layer,! that is, in that 
region of the upper atmosphere which con- 
trols the propagation of all long distance radio 
waves; (2) that a large fraction of the energy 
of a meteor goes into ionization of the air 
around its path; (3) that this ionization 
extends to a considerable distance from the 
actual path* -in some cases, several kilo- 
meters or more —and (4) that it lasts for some 
minutes after the meteor has passed.* 

It is interesting to calculate the order of 
magnitude of the ionic concentration which 
may be produced and to compare it with the 
concentration which is generally assumed in 
order to explain short wave radio phenomena. 
Meteors are believed to vary in mass from a 
few milligrams to several kilograms and 
larger, according to different estimators. If the 
mass of a meteor is taken as one gram, its 
velocity as 40 km/sec., its length of path as 
200 km and the range of ionization around the 
path as 1/2 km, the concentration of ioniza- 
tion on the above assumptions would be of the 
order of 10° ions per cc. The maximum ioniza- 
tion deduced from radio data is of the order of 
10° electrons per cc. It is therefore apparent 
that transmission of radio signals might be 
markedly affected by the presence of meteors 
along the path. 

Data taken during radio measurements of 
the heights of the ionized layer, furnish evi- 
dence for such an effect. Thus Heising® finds 
that the deflecting layer seems to experience 
very sudden drops as though a large amount 
of ionization suddenly appeared, accompanied 
for a moment by turbulence, after which the 
layer gradually returns to the normal height. 
The frequency of such sudden variations is 


reasonably consistent with the number which 
would be expected for the particular length 
of path used, on the assumption of 10° meteors 
of random direction per day for the whole 
earth.® 

The orbital motion of the earth increases 
the relative velocity of the meteors which are 
observed after midnight and it is an observed 
fact that the number of meteors has a max- 
imum between 2:00 and 3:00 a.m. Both of 
these facts would increase the contribution of 
ionization which is due to meteors and might 
even result in a lowering of the Kennelly- 
Heaviside layer after midnight. A number of 
investigators have observed such a drop after 
midnight. Moreover, on the basis of the above 
calculations and assuming that the ions pro- 
duced have an average life of one hour, the 
total ionization produced by meteors is of the 
correct order of magnitude to produce the 
effect observed. 

The foregoing evidence, while admittedly 
sketchy, indicates that the ionizing effect of 
meteors in the Kennelly-Heaviside regions 
may be an important factor in short wave 
radio propagation through the upper atmos- 
phere. It is planned to make tests during 
future meteoric showers in order to obtain 
further information on the subject. 

A. M. SKELLET1 

Bell Telephone Laboratories, Inc., 

New York, New York, 
April 7, 1931. 

1 Humphrey, Physics of the Air, p. 23. 

* Lindeman and Dobson, Proc. Roy. Soc. 
of London, A411, 102 (1923). 

3 Maris, Terrest. Mag. and Atmos. Elect. 
34, 309 (1929), 

4 Olivier, Meteors, p. 147. 

6 Heising, Proc. I. R.E. 16, 75, (1928). 

6 Shapley, Harv. Circ. No. 317, May, 1928. 
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Raman Spectrum of the Hydroxyl Ion with High Dispersion 


The Raman spectrum of a 10N aqueous 
solution of potassium hydroxide was photo- 
graphed with a Hilger El large quartz spectro- 
graph, using for excitation a hot-cathode hel- 
ium arc of length 45 cm. The Pyrex tube 
which contained the solution was surrounded 
by a filter tube of nickel oxide glass, and the 
light was focused on it by an elliptical re- 
flector. An exposure time of 100 hours was 
required. 

The spectrum obtained consists of a single 
broad line having a fairly well defined inten- 
sity-maximum which corresponds to a fre- 
quency shift of 3603 +4 cm™. This is in good 
agreement with the value of 3615+25 cm™ 
recently reported by Woodward.' It is some- 
what lower than the shift of 3630 cm™ found 
by Krishnamurti? in crystalline sodium hy- 


droxide. The line has a width of about 30 
‘| That it must be attributed to the hy- 
droxyl ion is beyond doubt. 

It was observed that the presence of dis- 
solved sodium or potassium hydroxide greatly 
influences the structure and the intensity of 
the water band. We have studied this effect in 
solutions of various concentrations, using a 


cm 


spectrograph of smaller dispersion. The re- 
sults will soon be reported in detail. 
J. L. THompson 
J. Rup NIELSEN 
University of Oklahoma, 
May 27, 1931. 
1L. A. Woodward, Phys. Zeits. 32, 261 
(1931). 
?P. Krishnamurti, Indian J. Physics 5, 
651 (1930). 


The Relative Abundance of the Oxygen Isotopes, and the 
Basis of the Atomic Weight System 


Mecke and Childs,' as the result of a de- 
tailed quantitative investigation of the A and 
A’ bands of oxygen, find the relative abund- 
ance of the oxygen isotopes O" and O' to be 
630:1, in sharp contrast to the value 1250:1 
found by Babcock? and 1075:1 found by 
Naudé.* We have made a careful study of 
Mecke and Childs’ paper, and find several 
rather doubtful theoretical assumptions. We 
have accordingly recalculated a portion of 
their data, using a method that appears to 
us to be more reliable. Their final result is, 
however, not essentially changed, and it there- 
fore seems unnecessary to publish the details. 

We have also examined Babcock’s assump- 
tions, and find two sources of possible error, 
one due to the fact that the rotational energy 
levels of the O"*.0'S molecule differ from those 
of the O".0"* molecule, and the other due to 
the fact that, in Babcock’s work, the mean 
temperature of the O'.0'® molecule (in the 
atmosphere) differs from the temperature of 
the O'*-O'* molecule (in the laboratory). Both 
the energy and the temperature affect the 
Boltzmann factor, but fortunately the two 
errors thus introduced by Babcock’s neglect 
of this factor tend to cancel. We find that for 
the lines used by Babcock,‘ the maximum re- 
sulting’error is not more than about ten per- 


cent, and so is quite negligible. 


Mecke and Childs suggest several possible 
sources of error in the work of Naudé, but 
we do not have the information necessary in 
order to discuss these suggestions. As far as 
the work of Babcock and of Mecke and Childs 
is concerned, it would appear that the dis- 
crepancy must be due mainly to experimental 
and not to theoretical errors. It would also 
appear that the Mecke and Childs result is 
entitled to much greater weight. 

Assuming for the sake of argument that the 
abundance ratio is really 630 to 1, it follows, 
as noted by Mecke and Childs, that atomic 
masses based on O”=16 should be 2.2 parts 
in 104 greater than those based on the chemi- 
cal system O=16. It is accordingly of im- 
portance to test Aston’s mass-spectrograph 
results’ on this new basis. Aston,® Birge,’? and 
Naudé have previously considered this mat- 


1R. Mecke and W. H. J. Childs, Zeits. f. 
Physik 68, 362 (1931). 

2H. D. Babcock, Proc. Nat. Acad. Sci. 15, 
471 (1929), 

3S. M. Naudé, Phys. Rev. 36, 333 (1930). 

* According to a personal communication 
from Babcock, only the first few lines of the 
P branch were used. 

6 F. W. Aston, Proc. Roy. Soc. A115, 487 
(1927). 

6 F, W. Aston, Nature 123, 488 (1929). 
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ter, but the conclusions depend markedly on 
the values adopted for the chemical atomic 
weights. One of us’ has already found that the 
rounded values ordinarily published in atomic 
weight tables are not sufficiently accurate for 
a discussion like this. 

Nearly all of Aston's precision measure- 
ments are concerned, unfortunately, with ele- 
ments that are known to consist of a mixture 
of isotopes. In such cases it is necessary to 
know the relative abundance of the isotopes 
of the element in question, as well as of oxy- 
gen, in order to compare Aston’'s result with 
the chemical atomic weight. For elements like 
carbon and nitrogen, the two resulting correc- 
tions (for oxygen, and for the element in ques- 
tion) tend to cancel, so that Aston’s result 
should agree closely with the chemical atomic 
weight. Thus in the case of carbon the most 
probable atomic weight? is 12.0025. Aston’s 
mass C® is 12.0036, which becomes 12.0010 
on division by 1.00022 in order to reduce to 
the chemical scale. Then to obtain an atomic 
weight of 12.0025, the relative abundance 
CC should be 650. King and Birge® give 
400 for this figure, but their discussion shows 
that 650 is an equally possible value. 

The best atomic weight of nitrogen’ is 
14.008. Aston finds N'*= 14.008. To bring the 
two results into agreement requires a relative 
abundance N¥/N®=320. Naudé found that 
the abundance NN =0.65 of O'8 O18. Us- 
ing Mecke and Childs’ value of O'* O', one 
N¥4/N5=409, a 
agreement. 


obtains very satisfactory 

The best atomic weight of helium appears 
to be? 4.0018. Aston 4.00216, or 
4.00127 on the chemical scale. The discrep- 


obtained 


ancy is only 1.1 parts in 10*, which is within 
the published limits of error. The most ac- 
curate atomic weight of fluorine is due to 
Moles and Batuecas", from the molecular 
weight of FCH;. Using the present best values 
for C and H, their result is 18.995 +0.005. 
Aston obtains 19.000, or 18.996 when reduced 
to the chemical scale. The agreement is en- 
tirely satisfactory. In the 
Aston’s result is identical with the best chemi- 


case of iodine, 
cal value. The connection with oxygen, in the 
mass-spectrograph work, is rather indirect, 
and it is therefore doubtful if this result can 
be considered to furnish independent evidence 
on the question. In the case of phosphorus it 
is the chemical value that is uncertain. 

Of the elements that permit an accurate 
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comparison of the chemical and mass-spectro- 
graph results, there remains only hydrogen. 
The 1.00777 +0.00002 
(probable error), as compared with Aston’s 
1.00778 +0.00015 (/imit of error). 
reduced to the 


chemical value’ is 
Aston’'s 


value, chemical scale, is 
1.00756 and the discrepancy appears to be 
outside the limits of error. It could be re- 
moved by postulating the existence of an 
with a relative 


abundance H' H?=4500. It should be pos- 


isotope of hydrogen of mass 2, 


sible, although difficult, to detect such an 
isotope by means of band spectra. 

The above discussion shows that, with the 
exception of hydrogen, the new Mecke and 
Childs’ abundance ratio gives a satisfactory 
agreement between the mass-spectrograph 
and the chemical results. The agreement is in 
fact somewhat better than that obtained with 
an assumed abundance ratio of 1250 to 1, or 
of 1070 to 1. The case of hydrogen, however, 
distinctly calls for further investigation. 

Aston'! has asked for suggestions as to the 
best basis for chemical atomic weights and 
atomic masses. We believe that the facts pre- 
sented in this letter indicate that, from the 
experimental standpoint, the quantitative 
relation between the mean atomic weight of 
oxygen, and the mass of the atomic species 
O' is rather uncertain at the present time, 
and is likely to remain so for the present. It 
should also be pointed out that there is as 
yet no proof that the relative abundance of the 
oxygen isotopes, in different sources, is strictly 
constant.” The possibility that the relative 
abundance is not constant is the most com- 
pelling argument for a change in the basis of 
the atomic-weight system. What that change 
should be can best be decided by chemists, but 
we believe that further data are needed before 
any change is seriously considered. The one 
point we wish to emphasize here is that there 


*R. T. Birge, Phys. Rev. Supplement 1, 
1 (1929). See pp. 19-26 and 69. 

’ A. S. King and R. T. Birge, Astrophys. J. 
72, 19 (1930). 

*°G. P. Baxter and C. H. Greene, J. Am. 
Chem. Soc. 53, 604 (1931). 

10 E. Moles and T. Batuecas, J. Chim. Phys. 
17, 539 (1919). 

1 F, W. Aston, Nature 126, 953 (1930). 

2 The mass-spectrograph is perhaps the 
most reliable method for investigating this 
question. 
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now exist two systems for the measurement of 
atomic masses, connected by a relatively un- 
certain factor. For that reason it seems best, 
for the present, not to convert results ob- 
tained on one system into the other system, by 
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the use of some assumed conversion factor. 
R. T. BIRGE 
D. H. MENZEL 
University of California, 
May 27, 1931. 


The Masses of O! 


The writers have recently built a new ac- 
curate apparatus, in order to obtain, among 
other values, more exact masses for the nu- 
cleus of O'", since they had concluded that 
additional data were needed in order to estab- 
lish definite relations. Urey,! however, con- 
siders that the data already available demon- 
strate the existence of three quantum states 
for this nucleus. 

The purpose of this letter is (1) to give, asa 
minor change, a different set of values for the 


ranges of the protons; (2) what is more im- 
portant, to point out that while we do not dis- 
agree with Urey’s conclusion above, it seems 
to us that the few available data should be 
classified in a slightly different way; (3) and 
to add a calculation, omitted by Urey, of an 
inelastic collision between an a-particle and a 
nitrogen atom as obtained by Harkins and 
Shadduck*? 

The data given in this paper lead to the 
following calculated values: 


TABLE I. 


Mo (atom) 
17 .00328 


Mp (nucleus) 
16.99891 


Here Mo represents the rest mass of the oxy- 
gen, AM, is the error of Mo introduced by a 
1 percent error in the energy of the a-particle, 
and AM, that due to an error of 10’ in the 
angle w between the track of the a-particle 


AM; X 105 AM: X 10° 
1 12 


and that of the oxygen nucleus. In the cal- 
culation, the value 14.00800 (Aston) is taken 
as the rest mass of the nitrogen atom, as was 
presumably done also by Urey. The values 
are collected as follows: 


TABLE II. Mass of O". 


Track My, (atom) Average M, (atom) 
B4 17.00508 High level 17.00508 
B5 17 .00330 0.00189 
H+S 1 17 .00328 > Middle level 17 .00319 
B3 17 .00300 
0.00171 
B2 17.00148 Low level 17 .00148 


The values differ somewhat from those of 
Urey, who omits track H+S 1. 
We have excluded from this table the cal- 


culated values for the following four tracks as 
not having a sufficient bearing upon the divi- 
sion into the above three groups. 


TABLE ITI. 


Reason for rejection from Table II 


Agrees well with the value 17.00508 for the B4 track, but one of 


the pair of photographs of the event was not clear 


Track My (atom) 
H+S 3 17.0050 
B7 17 .00402 
B6 17 .00293 
Bl 17 .00370 


Tracks curved (rejected by Urey) 


Angle w too small to give accuracy in Mo 
Probably as accurate as those listed in Table II, but deviates too 


far from mean of other three in middle level to offer evidence in 
favor of the existence of this level 


1 Urey, Phys. Rev. (2) 37, 923 (1931). 





2 Harkins and Shadduck, Proc. Nat. Acad. 
Sci. 12, 707 (1926). 
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Thus, according to our classification, 
(1) the lowest level is represented by only 
one value, 
(2) the middle level by three values, and 
3) the high level by only one value. 


The ranges of the protons emitted are given 
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in Table IV. Urey assumes that the range 
varies as the cube of the initial velocity, but a 
closer approximation is probably given by use 
of the 3.5 power, as is done by Chadwick, 
Pollard.’ 


ranges in cm at 15° and 760 mm are: 


Constable and On this basis, the 


TABLE IV. 


B4 Bo 


oe 18.8 


Hi+S 1 B3 
20.4 25.0 


Except for the highest values, this change of 
power does not give a great increase of range. 


It may be noted that the values of w, the 


BS Bl B7 B2 
25.0 31.9 38.6 59.7 
angle bet ween the extension of the track of the 
a-particle and that of the oxygen nucleus, is 
always small. The observed values are: 


TABLE V. 
Bo H+S 1 B4 Bi B3 Bl BS B2 
7 ft aS” Zt" 19° 24’ + ie a 43" 22°0’ az 2" 28° 51’ 
This angle is always small because (1) the nearly equal, as shown in Table II by the 


1 
initial velocity of the proton is limited, (2) 
the mass of the oxygen is relatively high, and 
(3) no disintegration has as yet been observed 
with certainty by the photographic method 
were the velocity of the e@-particle at impact is 
less than 1.83 10° cm per sec. 

Some additional evidence for the validity 
of the three levels in the O'’ nucleus seems to 
be given by the fact that the differences be 
tween the avy erage masses are mo lerately 


values 0.00189 and 0.00171. However, addi- 
tional experimental evidence is needed for the 
definite determination of the energy levels. 
WittmM D. HARKINS 
Davin M. Gans 
University of Chicago, 
May 21, 1931. 
‘ Chadwick, Constable and Proc. 
Roy. Soc. A130, 477 (1931). 


Pollard, 


The Electrical State of the Sun. A Correction 


a fe we. 
kindly brought to my attention an error in the 
Phys. 37, 983 
(1931)) which effectively nullifies the para- 


Maris of this laboratory has 


above entitled paper Rev. 
graph containing arguments and calculations 
purporting to show that the sun is electrically 
neutral. In Eq. (3), Q represents the free 
electrical charge per unit length of the equi- 
valent circuit rather than the total free elec- 
trical charge. On making the correction we 
find that, although other evidence indicates 
that the sun is electrically neutral, our mag- 
netic calculation, alone, is quite incapable of 
establishing that fact. 


The corrected calculated value of the gal- 
actic magnetic field according to Anderson’s 
hypothesis of the annihilation of positive 
electrical charge is still so large (10° gauss) as 
to be impossible and our original conclusion 
is therefore unchanged. The incorrect 
signment of the value of Q did not affect the 


as- 


detailed calculations in other sections of the 
paper. 
Ross GUNN 
Naval Research Laboratory, 
Bellevue, Anacostia, D. C., 
May 25, 1931. 
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ERRATA 


RADIATION OF MULTIPOLES 
By Karu F. HERZFELD 
Department of Physics, The Johns Hopkins University 
(Phys. Rev. 37, 253, 1931) 


In a paper which appeared under this title there are unfortunately some mistakes, the 
correct formulas are given below: 
On page 256 the following formula (9) 


} y = cae ar ikve ve = > PUT (E) by 


Same page, before formula (10) 


Instead of formula (16) on page 258 


ET <a 


a;® = — 2'(— 1) 4-9/2 — for k — i even. (10) 


At the bottom of page 258 and on top of 259. 


Iy.. = Oif s — n odd 
(nzai2 (47)! 
agi: >" Sa (Q~tkt+s)-+- (41 


— 24(2;)! 


0 


| 
4 





1 | 
( 1 )/ tiemn)/2227 +k +8 b'- . 
(" —s§ ) (Q+k+s n 
-j)! 
> : 
d 47 1 
= ril*( — 1) 2k+emnpt DS ( yi? QQ7+k+s 
j=0 (2) 
1 1 " 
meee} (17) 
(q—-j)! Q3+k—4gq)! 


with n—s=2dg. 
Finally for the formulas which occur in the middle of page 259 


(k + 2 )! 


Tig) = (a)? 2kk!- ( 
k!) 


If n =3 (tetraeder) there are possible two transitions 
s=1, frequency v 


= (x)"?2K(k + 2)! 
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HYPERFINE STRUCTURE IN IONIZED BISMUTH 


By RusseE_t A. FISHER AND S. GOUDSMII 
Department of Physics, University of Michigan 


(Phys. Rev. 37, 1057, 1931) 


The photograph of the hyperfine structure of Bi Il 4705 (Fig. 2b) was unfortunately in- 
verted. The complete Fig. 2 should appear as follows: 


¢ a 
ae | 














| 
a b 


Fig. 2. Diagram for transition J=2 to J=1 compared with Bi II \4705. « = +0.457, tota 
Av=2.71 cm™, The arrow indicates where the line pattern fits the diagram. 


THE SCATTERING OF UNPOLARIZED X-RAYS 


By G. E. M. Jauncry ano G. G. Harvey 
Washington University, St. Louis, Missouri 


(Phys. Rev. 37, 698, 1931) 


The denominator of the right side of Eq. (12) should be raised to the fourth power. The 
corrected equation is 
TD onm=41 ./(1+0.022x*)4 (12) 


SURFACE TENSION OF MERCURY 


By Marie KERNAGHAN 
Department of Physics, The Saint Louis University 


(Phys. Rev. 37, 990, 1931) 


The ordinate of Fig. 3 should read “‘Surface tension (dynes) Corrected values’”’. 
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BOOK REVIEWS 


Ver6ffentlichungen Des Wissenschaftlichen Zentral-Laboratoriums der Photographischen 
Abteilung-Agfa- Band I. Pp. 155, figs. 94. S. Hirzel, Leipzig, 1930. Price RM10. 

The photographic division (Agfa) of the I. G. Farben industrie has inaugurated an annual 
publication in which the results of technical and theoretical photographic investigations of that 
laboratory are gathered together. In general each volume will consist both of articles which 
have appeared in other places and of some which have not been previously published. The 
annual should prove a great benefit to the photographic research world by helping to keep 
important photographic knowledge collected. 

The first volume contains an article on the existing theories of the latent image, several 
papers on sensitometry with special reference to color sensitivity, an announcement of new 
sensitizers for the extreme red and infrared photography. An article on the testing of sound film 
is particularly good in that clear and complete picture of the physical problems involved in 
photographic sound recording is given. .\rticles on x-ray photography and on cellulose and its 
derivatives complete the volume. M. E. RusseELL 


Molecular Spectra in Gases. Report of the Committee on Radiation in Gases and Bulletin 
57 of the National Research Council. E. C. KeEmBie, R. T. BirGce, W. F. Cosy, F. W. Loomis, 
L. Pace. Second printing 1930. Pp. 366. Price $3.50 (paper binding). 
Chis bulletin originally issued in December 1926 has been reprinted with minor corrections 
and the addition of an index. Separate copies of the index are available for distribution. 
E. C. KEMBLE 


An Outline of Wave Mechanics. N. F. Morr. Pp. 156, figs. 21. The Macmillan Company, 
New York, 1930. Price $2.80. 

New sciences are complicated when they start, and grow simpler as we understand them 
better. Wave mechanics is no exception. The first papers, the first books, on the subject were 
mathematics and not much else. But now, with increased understanding, it is possible to dis- 
pense with more and more of the detail, and yet to become continually clearer and more com- 
prehensible. Mott's admirable little book is an excellent illustration of this tendency. To the 
reviewer it seems singularly successful in its attempt to present enough detail to enable the 
principles of the subject to be accurately understood, and yet not enough to burden the reader. 
After reading it, one does not have the too common feeling that it could not be understood ex- 
cept by one who knew the whole subject beforehand. 

It should not be supposed that Mott's book is intended for the general reader. It is dis- 
tinctly for physicists, advanced students and research workers. It presupposes a considerable 
background of physics and mathematics. But it can honestly be recommended, for example, to 
the experimental physicists who want some idea of wave mechanics. The examples and illustra- 
tions are of a physical sort, and of a remarkable variety for such a small book. Particularly 
good, as one would expect from Mott's research, are the sections on collisions, scattering and 
such problems. Questions of stationary states, of atomic and molecular structure, are treated, 
but not in any great detail, as must be obvious from the small compass of the book. No prob- 
lems, of course, are carried through in a complete manner, and yet one feels that the funda- 
mentals are so adequately presented that the reader will be set thinking along the right line. As 
an elementary and readable account of wave mechanics, the reviewer feels that the book can be 
highly recommended. An idea of the actual contents can be obtained from the chapter headings: 
Waves and Particles, The Wave Equation, Group Velocity and the Uncertainty Principle, The 
Theory of Stationary State, The Absorption of Radiation, The Helium Atom and the Hydrogen 
Molecule, Dynamics of Systems containing many Electrons, The Spin of the Electron and the 
Exclusion Principle. J. C. SLATER 

Principles of Electrical Engineering (Second Edition). W.H. Timpir Anb V. Busu. Pp. 595, 
figs. 270. John Wiley and Sons, New York, 1930. Price $4.50. 

We regret that in the review of this book which appeared in the May 15 issue of this journal, 
page 1374, the name of the publisher was erroneously given. 
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PROCEEDINGS 
OF THE 
AMERICAN PHYSICAL SOCIETY 
MINUTES OF THE WASHINGTON MEETING, APRIL 


30, May 1 AND 2, 1931 





The 170th regular meeting of the American Physical Society was held in 
Washington, D.C., at the Bureau of Standards on Thursday and Friday, 
April 30 and May 1, and at the National Academy of Sciences on Saturday, 
May 2, 1931. The first session began at ten o'clock on Thursday morning. 
The presiding officers were WW. F. G. Swann, President of the Society, Paul 
D. Foote, Vice-president, Joseph A. Becker, Lyman J. Briggs, Arthur H. 
Compton, Karl Kk. Darrow, Henry G. Gale, Enoch Warrer and L. P. Sieg. 
At the Bureau of Standards on the first and second days of the meeting the 
registration was 388. A fair estimate of the total attendance at the sessions 
was between four and five hundred. 

On Thursday afternoon the Society omitted its regular sessions from one- 
thirty to three-thirty o'clock to meet with the newly formed American Asso- 
ciation of Physics Teachers. At this session Dr. A. W. Hull of the General 
Electric Company presented an invited address on “Qualifications of a Re- 





search Physicist.” 
On Thursday evening a public forum was called at the National Academy | 
Building to discuss methods of promoting interest in all branches of physics. 
This meeting was called by L. W. Mclkeehan, chairman of the Committee on 
Sections and was presided over by F. KX. Richtmyer. 
On Friday evening the Society held a dinner at the Hotel Washington. The 
President presided at this dinner and the after-dinner speakers were George 
KX. Burgess, Arthur H. Compton, Charles Darwin and F. Henning. R. H. 
Fowler was also a guest of the Society at the speakers table. The attendance 
at this dinner was 243. 
On Saturday afternoon at the National Academy Building there was held 
a special colloid program. The papers at this session were invited. The presid- 
ing officer of this meeting was Enoch WKarrer of the B. F. Goodrich Company. 
Meeting of the Council. At its meeting held on Thursday, April 30, 1931, 
sixteen persons were transferred from membership to fellowship and thirty- 
seven were elected to membership. 7ransferred from Membership to Fellow- 
ship: James H. Bartlett, Jr., David G. Bourgin, V. L. Chrisler, S. Goudsmit, 
Robert J. Havighurst, Paul Kirkpatrick, W. W. Nicholas, Linus Pauling, 
Shirley L. Quimby, Richard Ruedy, A. G. Shenstone, Ernest C. G. Stiickel- 
berg, George E. Uhlenbeck, N. H. Williams, Mark W. Zemansky and R. V. 
Zumstein. Elected to Membership: Edward B. Baker, M. C. Banca, William 
E. Berkey, Margaret F. Blackford, Robert L. Boyer, Percy H. Carr, Nickola 
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Chako, Thomas A. Elkins, David W. Epstein, Richard Evans, O. Rex Ford, 
Gladys M. Francis, Garret A. Hobart 3rd, Cleveland B. Hollabaugh, Howard 
B. Holroyd, Jun Koana, C. M. Lewis, Walter G. Marburger, A. T. McPher- 
son, Paul C. Mitchell, George C. Munro, Robert J. Kk. Murray, Leon S. Ner- 
gaard, Paul A. Northrop, Syoten Oka, Allan E. Parker, Clifford M. Potter, 
Norman A. Shepard, William B. Shockley, Leland B. Snoddy, Daniel S. 
Stevens, G. R. Tatum, Sigeo Uneno, Forrest Western, John A. Wheeler, E. 
P. Wigner and Robert L. Womer. 

The regular scientific program of the Society consisted of 163 papers, 
numbers 11, 25, 34, 40, 44, 47, 48, 49, 50, 68, 71, 95, 108, 120, 127, 131, 144, 
152, 153, 155, 157, 158 and 163 were read by title. The abstracts of these 
papers are given in the following pages. An Author Index will be found at the 
end. 

\. L. SEVERINGHAUs, Secretary 


1. Dissociation of water vapor in electrical discharge. Ernest G. Linper, Cornell Univ- 
versity.—By use of Townsend's ionization equation and Aston’s result for the potential distri- 
bution in the Crookes dark space, the number of electrons produced at each point in the dark 
space can be obtained. From this, may be calculated the total energy of all the electrons gener- 
ated by each primary electron, i.e., {o°(Vi— V)dn, where S=length of dark space, V;=cathode 
potential drop, V =space potential, » =number of electrons. Using experimental values of S 
and V; and Townsend's constants, it is thus found that for discharge currents of 1-25 m.a. the 
average energy per electron runs from 53.8 to 79.2 volts, these values being from 17.8 to 14 3 
percent of the corresponding total cathode drop energies The amount of dissociation in the 
dark space and negative glow for the above currents is from 4.78 to 5.90 molecules of water per 
electron, which gives an almost constant value of 11 volts per dissociation. The results suggest 
that dissociation is due to excitation of the molecule. Probe measurements in the positive 
column give an electron density of 7.4107 electrons per cm’, and a mean energy of 3.71 volts. 
If a probability of dissociation by electron impact equal to 0.0024 be assumed, the dissociation 
in the positive column can be accounted for. 


2. The electro-optical shutter and spark breakdown. FRANK G. DUNNINGTON, Univer- 
sity of California. (Introduced by Ernest O. Lawrence).—The use of the electro-optical shutter 
in investigations of rapidly varying phenomena necessitates knowledge regarding its manner of 
functioning and limitations. Using a typical experimental set-up as an example, theoretical 
cut-off curves have been calculated: 1st, assuming an instantaneous drop of the controlling 
voltage (i.e. spark gap), and 2nd, assuming the controlling voltage decays according to a definite 
law. These indicate an effective cut-off time (90% to 10% transmission) of from 2.5 to 4107 
sec. and a total lag of 4 to 9X 10~° sec. Experimental results show a complete change in the ap- 
pearance of the spark in 5 X10~° sec., thus indicating an effective cut-off time somewhat less 
than this value. Other results set a lower limit on the total lag of about 7 X10~° sec. The effec- 
tive working of the shutter is dependent on the following major factors: (1) purity of nitroben- 
zene used in Kerr cell; (2) resistance of leads to cell; (3) voltage applied; (4) capacity of cell; 
(5) steepness of voltage wave used to control shutter. Contrary to previous beliefs, theory and 
experiment show the best control voltage is only slightly under that giving 100% transmission. 
A graphical survey giving the step by step development of the breakdown of a gap in an initially 
homogeneous field has been made for pressures from 20 to 76 cm and gap lengths from 1 to 10 
mm. 


3. The effect of pressure on the rate of fall of potential in condensed discharges. J. C. 
SrREET AND J. W. Beams, University of Virginia.—The experimental method was essentially 
the same as one recently described (Street, Bulletin American Phys. Soc. Feb. 1931) and some- 
what similar to Toepler’s (Archiv fiir Elektrot. 14, 305, 1925) though different in important 
essentials. Electrical impulses produced by the discharge under investigation traveled along two 
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parallel symmetrical lead wires to their open ends where they were reflected. The maximum 
potential across the two ends when measured as a function of the length of lead wires gave a 
curve from which the rate of fall of potential across the discharge was determined. Our results 
show that in the first part of the breakdown the resistance can best be represented as a function 
which decreases exponentially with time. When the potential was very slowly applied (static 
breakdown) the following are some of the results obtained for the decrease of potential with 
time: 





Pressure in Time of fall from 
cm of Hg 100 to 20% 
38 4.7X107 sec. 
54 
75 1.7 
95 3 
115 8 
139 8 


The results are in general accord with the calculations of Schilling (Archiv fiir Elektrot. 25, 97, 
1931). Incidentally they indicate how to obtain a maximum rate of discharge for Kerr cells 
and illustrate how they are damped when used with short leads. 


4. On the formation of an arc or spark on interrupting an electric circuit. THOMAs J. 
KILLIAN, Massachusetts Institute of Technology.—There seem to be two possible sources of the 
spark or are which results when a physical circuit, carrying unidirectional current, is opened. 
J. Slepian (J.A.1.E.E., Oct., 1926) has suggested that the initial ionization is due to the tempera- 
ture rise of the last contact point of the separating electrodes. At high breaking speeds this 
theory is subject to certain theoretical and experimental difficulties. If no conduction current 
flows immediately after the contacts are opened the charging current will cause the potential 
difference and the electric intensity between the contacts to increase. It is shown that the 
electric field may attain 10° to 10% voits cm™ at which values “field” currents may flow. When 
the potential difference between the electrodes is such that the electrons, which have been 
drawn from the metal by these intense fields, may produce ionization an arc or spark results. 
An analysis of oscillograms taken at various current densities and opening speeds seems to 
show that this mechanism may initiate the discharge. This may indicate a method of studying 
“field” currents at high densities which until now have only been studied at extremely low 
densities. 


5. Vacuum spark discharge. L. B. SNoppy, General Electric Co. (Introduced by A. W. 
Hull.)\—Impulsive breakdown between pure copper electrodes in high vacuum has been in- 
vestigated by means of the cathode ray oscillograph and the rotating mirror. (See J. W. 
Beams, Review of Scientific Inst. 1, 667, 1930). The mirror photographs of the discharge show 
a luminous spot at the anode lasting from 1 to 4X 1077 sec. and luminosity at the cathode start- 
ing slightly later (1 to 2X10~‘ sec.) than that at the anode and continuing throughout the dis- 
charge. The anode does not remain luminous unless the current is very large. The breakdown 
has two stages; the first a pure electron discharge, lasting less than 5 X 107’ sec., followed by a 
low voltage copper vapor arc. The volt-ampere characteristic of the high voltage stage follows 
the well known law for auto-electronic emission. From the volt-ampere curves the area of 
emission at the cathode can be computed (Stern, Gossling and Fowler, Proc. Royal. Soc. 124, 
699, 1929). For two gaps investigated the areas were approximately 3 X10~* cm? and 11075 
cm’. Using these areas and the rate of potential rise as determined by the oscillograph it is 
shown that in each case the anode spot at the time of breakdown reaches a temperature of 
approximately 2600°C. Photomicrographs of the anode show craters of area agreeing well with 
the computed areas. Current densities, determined from the circuit constants and measured 
areas of the cathode craters, range from 108 amps/cm?, at 5107? sec. after breakdown, to 
8X 10° amp/cm?, at which value the arc goes out. 
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6. On the temperature of cathode in vacuum arc. R. TANBERG AND W. E. BERKEY, 
Westinghouse Elec. & Mfg. Co., East Pittsburgh. (Introduced by Thomas Spooner.)—Pyrometric 
and spectroscopic tests show that the metal cathode spot in a vacuum arc is not at an extremely 
high temperature. The temperature of a copper cathode is measured by an optical pyrometer 
and found to be about 3000°K in a 20 ampere arc. Spectroscopic examination of the cathode 
spot shows only a faint continuous spectrum indicating that the temperature of the cathode is 
not high. A temperature of the above magnitude is shown to be sufficient to give the rate of 
vaporization required under extreme assumptions. The results show that the high speed of the 
vapor stream issuing from the cathode region cannot be due to high temperature of the cathode 
itself. 


7. The cathode fall of an arc. R. C. Mason, Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh.—To explain the mechanism of a mercury-pool arc, in which the cathode is at a relatively 
low temperature, Langmuir has suggested that electrons are extracted from the cathode by a 
very high field. Presumably, the same theory will apply to all arcs in which the cathode is not 
hot enough for appreciable thermionic emission. An analysis is presented in this paper showing 
that, under the same conditions, an arc in which the high field is operative should have a 
cathode fall several volts greater than an arc with a thermionic cathode. Upon either the 
classical Schottky theory, or the quantum mechanical theory of high field emission, the energies 
of electrons at the boundary of the cathode fall space will be several volts less in the high field 
arc than in the thermionic arc; so, to produce sufficient positive ions for space charge purposes, 
the cathode fall of the former must be greater than that of the latter. A test is thus suggested 
for the Langmuir theory of an arc. 


8. Measurements on the vapor stream from the cathode of a vacuum arc. W. E. BERKEY 
AND R.C. Mason, Westinghouse Elec. & Mfg. Co., East Pittshurgh.—The velocity of the vapor 
stream issuing from the cathode region of a vacuum arc between copper electrodes is calculated 
from (1) the energy received by a vane 3 cm in front of the cathode, as measured by the rate of 
rise of temperature; (2) the momentum imparted to the vane, as determined by the deflection 
of the vane. The mass used in the calculations is that of the copper deposited on the vane. The 
average velocity of the vapor, computed from data obtained by either method, is over 10% cm 
per second, confirming Tanberg’s momentum measurements. There is some evidence that the 
vapor is ionized to a considerable degree. Radiation from the arc, or energy of recombination 
on the vane, can account for only a small part of the total energy received by the vane. 


9. A method for the comparison of magnetic susceptibilities of feebly magnetic salts. 
L. G. HEctToR AND ALBIN N. Benson, The University of Buffalo—A method depending upon 
induced current phenomena may be employed for comparing the magnetic susceptibilities of 
substances whose electrical conductivity is small. The present method depends upon the com- 
parison of the alternating electromotive forces developed in two coils each of which is coupled 
to a field coil. A tube filled with the salt to be examined is then placed in one of the pick-up coils 
and a change in the coupling between the pick-up coil and the field coil is thereby produced. By 
means of a variable resistor shunted about one field coil a balance between the induced e.m.f. 
is restored. Comparison of the two induced alternating e.m.f. was first attempted by means of a 
vacuum tube voltmeter, but slight irregularities in wave form and shifts in phase resulted in 
uncertainty in the readings. In the latest method, current from each pick-up coil is rectified by 
thermionic tubes and the rectified current is further smoothed out by filters. The potentials 
developed across the last condenser bank in each filter are then compared by means of a direct 
current galvanometer. 


10. Block structure and magnetic viscosity. FRANcIs BitTER, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh.—As a result of the work of Becker (Zeits. f. Physik 62, 253, 1930) and 
Powell (Proc. Roy. Soc. 130, 167, 1930) it is now possible to write the expression for the poten- 
tial energy of a single crystal as a function of the direction of magnetization in the crystal, say 
(6, H). This expression depends on the crystalline field, or (s, /) interaction, and on the distor- 
tion of the lattice, and has, in general, several minima as a function of @. If the crystal is made 
up of regions of spontaneous magnetization, the equilibrium distribution of orientations is 
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given by an expression of the form exp. (—4#,(@, H)/KT) where , represents the potential 
energy of such a region. This distribution cannot in general be established in a reasonable time 
because of the existence of several maxima of ®,. If, however, we know the distribution of orient- 
ations, f, at a time !=0 (say complete demagnetization, or saturation) then the distribution at 
a time ¢ resulting from a change in // is given by the diffusion equation 
av: (fT) + bV?f = af/at. 

This equation has not been solved except for special and simple forms of #,. A closer inspection, 
however, shows that a gradual “creeping” of magnetization will not, in general, occur unless the 
depth of the ®, minima is comparable with AT. Since the depth of these minima depends on 
the volume of a region, magnetic viscosity phenomena in single crystals may eventually be 
used to determine the volume of the regions of spontaneous magnetization and so check the 
hypothesis (Phys. Rev. 37, 91, (1931)) that they are identical with Zwicky's blocks. 


11. Magnetic properties of magnetite crystals at low temperature. CuinG-HsieEN Li, Uni- 
versity of Illinois.—Thin circular plates cut parallel to the 100, 110, and 111 planes of the magne- 
tite crystal were prepared. Both the perpendicular and parallel components of magnetisation at 
low temperatures down to that of liquid air were investigated by the method of torsion. It was 
found that the magnetic property of the crystal was abruptly changed at about — 160 degrees 
centigrade. It seems that the elementary magnetic elements within the crystal are very easily 
rotated in the magnetic field at that particular temperature. This particular temperature corres- 
ponds exactly to the temperature at which the heat capacity of magnetite is suddenly increased 
to a maximum point as was found experimently by R. W. Millar two years ago. Weiss’ theory 
of the molecular field as applied to this change of specific heat and the corresponding change of 
magnetic property is in the process of investigation. 


12. Effect of heating on residual magnetism. R. L. Sanrorp, Bureau of Standards, Wash- 
ington, D. C.—Experiments with a 0.63 percent carbon steel show that if the structure is 
lamellar pearlite, consisting of alternate plates of iron and iron carbide, the residual induction 
reverses sign at a temperature of approximately 200°C and regains part of the magnetization in 
the original direction upon cooling. If the temperature is raised to 800°C, the residual induction 
disappears and does not reappear on cooling. If the material is remagnetized in the original 
direction while at a temperature of approximately 265°C, the residual induction decreases upon 
cooling and finally reverses at a temperature of about 30°C. Hardened steel does not reverse 
but the presence of very fine lamellar pearlite produces a reversal. Precipitated carbide pro- 
duced by reheating a hardened specimen does not cause the reversal. The lamellar structure 
appears to be necessary for the reversal. The first reversal can be satisfactorily explained as 





the result of the thermomagnetic transformation of the carbide plates which first reverse the 
magnetization in the adjacent iron plates and then become nonmagnetic at the so-called Ao 
point. The reversal after remagnetization at the high temperature is not so easy to explain. | 


13. Annual variations in magnetic storms. H. B. Maris, Naval Research Laboratory, 
Bellevue, Anacostia, D. C.—A new list of magnetic storms for the years 1839 to 1930 shows an 
annual variation in the frequency of disturbances with two equal maxima about a week follow- 
ing the equinoxes and two equal minima at the solstices. The ratio of the maximum to the 
minimum frequency is nearly two to one. The distribution of frequency F is given approximately 
by the equation, F=k(3+cos 20), where @ is the position of the sun on the ecliptic. Three groups 
of storms showing annual recurrence interrupt the normal distribution curve. The first, 1840 to 
1865 had a maximum about February 20, the second group started April 10, 1854, and was in- 
termittently persistant with a two year period till 1875 and the third group started May 16, 
1913, and is almost unbroken since then. The change from maximum to minimum frequency 
between equinox and solstice is explained as the result of three effects. The ultraviolet flair, 
which is assumed to come from the solar latitude where sun-spots are observed, should increase 
in intensity as the earth increases its solar latitude. This would be expected to give a ten percent 
change in storm intensity. Expansion of the upper atmosphere as it is heated by the solar flair 
causing the storm will move the conducting Heaviside layer across the earth’s magnetic field 
with a dynamo effect which will decrease by about fifteen percent from equinox to solstice. 
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Winds blowing from day toward night will have a maximum dynamo effect in driving atmos- 
pheric electric currents at equinox. 


14. Magnetic properties of copper-nickel alloys. E. H. Wittiams, University of Illinois.— 
The magnetic susceptibility of alloys of copper and nickel in proportions ranging from 0.1 to 
70 percent nickel have been studied. Although copper is only weakly diamagnetic it requires 
0.8 or 0.9 percent nickel to neutralize this diamagnetic effect and 56 percent nickel is required 
before the alloy shows ferromagnetic properties at ordinary temperatures. For amounts of 
nickel from one percent up to 30 percent the alloy. while paramagnetic in most respect, does 
not obey any law of paramagnetism with regard to temperature. As the temperature is in- 
creased the susceptibility first increases and then decreases, the maximum occurring in the 
neighborhood of the Curie point for nickel. In the case of alloys containing more than 30 percent 
nickel the susceptibility decreases with increase of temperature for temperatures above 20°C. 
So far as the phenomena of increasing paramagnetic susceptibility are concerned there is at 
present no explanation. It has been suggested that a few atoms or molecules of nickel do not 
lose their magnetic identity in the alloy and that these atoms with their spinning electrons 
become more mobile as the temperature is increased. One objection to this is that the suscepti- 
bility is independent of the field. 


15. The origin of thermionic electrons from oxide coated filaments, R. W. SEARS AND 
J. A. BEcKER, Bell Telephone Laboratories, Inc.—The following experiments show that the emis- 
sion is determined by the condition of the oxide surface and not the core-metal surface as pro- 
posed recently by Lowry (Phys. Rev. 35, 1367, (1930)) and also Riemann and Murgoci (Phil. 
Mag. 9, 440, 1930). (1) When barium is deposited on the oxide surface either by evaporation 
from an external source or by electrolysis of the oxide itself, the emission changes even though 
the temperature is so low that the barium could not diffuse to the core surface. (2). A removal 
of the oxide coating while the filament is at room temperature causes the emission as deter- 
mined at low temperatures, to decrease by a factor of 6000 or more. (3). When space charge 
limited current is drawn to a plate, the potential of a point in the oxide is always positive with 
respect to the core surface by an amount directly proportional to the current. If the current 
were determined by the core surface this potential should be negative and should not vary 
linearly with the current. The experimental facts adduced to prove a limitation by the core 
surface are not conclusive and can be explained on the view proposed here. 


16. Theoretical interpretation of experimental Richardson plots. W. H. BraTTaAIN AND 
J. A. Becker, Bell Telephone Laboratories, Inc., New York.—The theoretical equation for the 
saturation current is 
~T b a 
Inj — nT =Ind + | aT — (b)p1=Ind — (1) 
71 T? i 
A =4(1—r)rmk’e/h', “b” is defined in terms of Ly, the total heat of evaporation per mole at 
constant pressure. b=(L,/R)—(5T/2) “a” is defined by Eq. (1). It is related to the free energy 
If “a” and “b” are functions of T, an experimental plot of Int —2InT vs. 1/T will, in general, not 
be a perfect straight line. At any value of 1/T a tangent can be drawn. Its slope is —b or 
{[—a+T da/dT| and the intercept is [Ind —da/dT] or [Ind +(b—a)/T]. Actually, db/dT is 
usually so small that the mean straight line through the experimental points is practically coin- 
cident with the tangent at the mean value of 1/7. If, as Herzfeld suggests, “a” =hvo/k; the slope 
of the Richardson plot equals —(h/k)|vo—T dvo/dT | where the slope, vo, and dvo/dT all refer 
to values taken at the same temperature; the logarithm of the universal constant A is equal 
to the intercept +(//k)(dvo/dT); also, the term “work function” cannot, in general, be used for 
both the slope of the Richardson plot and /yo. 


17. Influence of space charge on current fluctuations. E. W. TuHatcner anp N. H. 
WituiaMs, University of Michigan.—Current fluctuations of two fundamental types are recog- 
nized in a circuit containing a thermionic element: (1) Those due to the discreteness of the 
carriers, governed by probability relations applied to their departure from the cathode and col- 
lection at the anode. (2) Those due to thermal agitation of electricity in the circuit, analogous 
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to the Brownian fluctuation of particles in colloidal suspension. The influence of electron space 
charge on these fluctuations has been investigated with especially designed tubes. Precise meas- 
urements in this region have hitherto been unattainable on account of the inherent “mixed” na- 
ture of the emission from metal surfaces. Abnormalities arising from this source in tungsten and 
thoriated tungsten have been studied and controlled. A new treatment of the shot effect as 
applied to pure electron emission yields an expression for the ratio of the mean square value 
of the fluctuation voltage under given space charge conditions to that under strict temperature 
limitation of the current: 

= = f(ig ‘ide 12 gad 

{7a 
I, is the space current, 7 the saturation current associated with a particular emitter tempera- 
ture, and their ratio characterizes the space charge situation. The influence of the frequency 
term has been shown to be vanishingly small over a range of frequencies from 50,000 pps. to 
500,000 pps. The function “f” has been experimentally determined for various situations of 
current limitation. 


18. Supersonic satellites. W. H. PreELEMEIER, Pennsylvania State College.—As the path 
length in a Pierce acoustic interferometer was increased, satellites, or minor peaks, became more 
prominent in the curves which correlate the excess of plate current over bias current. (Ip —Ip), and 
the mirror position, (x). With the exception of the satellites these curves have a striking resem- 
blance to the curves which correlate the calculated square of the pressure amplitude in the air at 
the crystal surface and the mirror position. A wave velocity independent of intensity was as- 
sumed for the calculation. If it is assumed that the velocity of the waves decreases to the 
imiting value, V=(yp/d)'”, with diminishing intensity, not only the shape of the satellites, 
but also their position is thereby explained. Measurements were made with several crystals. 
For each of the frequencies tested the acoustic velocity as determined by the satellite positions 
differed by less than 0.06 percent from the above limiting value. In every case the velocity, as 
determined by the major peaks, exceeds the theoretical value by more than 0.5 percent. Such a 
large shift could scarcely be a frequency shift as the resonance positions are approached. 


19. Canonical transformations and the vibrations of a loaded string. R. B. Linpsay, 
Brown University.—The classical method of discussing the transverse motion of a finite string 
of negligible weight fastened at the ends with tension 7 and loaded with particles of equal mass 
m and equally spaced at distances a is that in which the Lagrangian equations for a system of n 
degrees of freedom are set up and integrated by means of determinant analysis. It is here 
shown that if we denote the coordinate and conjugate momentum of the sth particle by q., ps 
and perform the transformation to the new system Q,, P, defined by the transformation func- 
tion 

n n 
S = >-(m/2)%ux? cot Ox Daag. f, 
k=l s=l 
where a.4=2 sin (skr/n+1)/(m(n+1)wx)'? and the w, form a set of parameters, the Hamil- 


tonian 
n+l 


H = 1/2m- >> p2 + r/2a- So (qe — ge-s)? 
kal kal 


(with go=Qn41 =0) transforms into K =) paren Ps with w,=2(7/ma).?: sin kr/2(n+1). The ca- 
nonical equations now lead to P, =const, Qx = wet +f, and the usual solution is at once obtained 
from p,=0S/dqx in the form 


n 
qs = LiawPx'? sin (wit + Br) 


kal 


! 
| 


n 
=m > wd Pe? cos (wet + B,) where 
k=l 


ps 


the w, appear as the characteristic frequencies (multiplied by 27). The generalization to the 
. . . . . Pat . s > ~« ” . 
continuous string is immediate. The transformation q(x) =2, M2. >" poy (Pe/ won) "? sin Qx: 
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sin krx/l where / is the length and M the mass of the whole string, carries the Hamiltonian 
. . « , 9 . 

functional into H=)>-,..0.P where now wr=kr(r/ M1)", The energy fluctuation and quant- 

ization of the loaded and continuous strings are investigated. 


20. The elastic constants and the thermal expansion of a sample of rubber between room 
temperature and —30°C. W. W. STIFLER, Amherst College, AnD PauLt C. MitcHeL., Missouri 
Valley College.—A method has been developed by which the coefficient of linear expansion, 
Young’s modulus, and the coefficient of rigidity can be measured on the same sample of rubber 
at any temperature from that of the room down to —30°C. Fora particular sample, the thermal 
expansion proceeds quite regularly in this range but the coefficients of elasticity increase rapidly 
as the temperature is lowered. For example, at 22°C, Young’s modulus is 1.30 X 108 dynes per 
cm’ and at —30°C it is 3.56 X 108 dynes per cm.? 


21. Columns with variable end restraints. L. B. TUCKERMAN AND Wo. R. OsGoop, Bu- 
reau of Standards.—Because of its importance in aircraft construction, the Bureau of Aeronau- 
tics of the United States Navy has supported an investigation of the strength of columns with 
variable elastic end restraints, the investigation covering the range of lengths for which the 
failure is partly elastic and partly plastic. A theoretical analysis led to the conclusion that satis- 
factory corrections could be made for a rigid end mounting, which greatly simplified the test 
apparatus. The test results are found to be expressed advantageously in terms of the dimension- 
less variables 


o = P/(FcA), = [l/(rr)\(F./E), « = [(2K)/(PD] + 2s/1, 


where P =the maximum axial load which can be carried by the column. A =the cross-sectional 
area of the column, F,=the short-column strength of the material, E =the modulus of elasticity 
of the material, /=the length of the column, r =the radius of gyration of the cross-section with 
reference to the gravity axis perpendicular to the plane of bending, K =the coefficient represent- 
ing the end restraint, s=the length of the rigid portion at each end of the column. The dimen- 
sionless variables ¢, \, and x render comparable test results on materials with different but affine 
stress-strain curves. Only by the use of these variables has it been found possible to coordinate 
all the test results which have been obtained. The variables \ and o have been used previously 
in other column investigations. (L. B. Tuckerman, S. N. Petrenko, and C. D. Johnson, “Strength 
of Tubing under Combined Axial and Transverse Loading,” N.A.C.A. Technical Note No. 307, 
pp. 3, 4, June, 1929.) 


22. Methods for measuring the coefficient of restitution. LyMAN J. BricGs, Bureau of 
Standards.—A comparison is made of the following methods for determining the coefficient of 
restitution of elastic spheres, such as golf balls, when subjected to large deformations: 1. Bal- 
listic method, in which the ball is struck by a flat-nosed projectile, and ball and projectile are 
caught in separate ballistic pendulums (Thomas). 2. Normal rebound of a ball dropped from a 
known height onto a massive flat plate, correction being made for air resistance during both fall 
and rebound. 3. Photographic method, in which the relative speed of ball and projectile after 
impact is determined from two spark photographs. 4. Rebound from a smooth inclined plate, 
involving measurement of the angles of incidence and reflection. 


23. Velocity of sound in metal rods by a resonance method. LEHMAN C. SHuGART, Lehigh 
University (Introduced by C. C. Bidwell.)—A small coil is fastened to the end of the test rod and 
placed in a strong radial magnetic field. The coil is connected to the output of an audio-fre- 
quency oscillator. To the other end of the rod is fastened a carbon microphone button. At 
resonance frequencies corresponding to the fundamental or any overtone of the rod very sharp 
peaks are obtained in the microphone current. A correction must be made for the effective length 
of the rod due to the attachment of the driving coil and the microphone button. To get this 
correction, observation of the first overtone for a rod of twice the original length is made. The 
slight change in frequency enables the computation of the effective length. The equation is 
v=2nl+4Anl. Value of velocity of sound for brass, steel and aluminum check very closely with 
the best published data. The method is being used for the determination of values in other 
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materials where data are lacking and especially for liquid metals. These may be contained in 
thin steel tubes, the peak for the resonance frequency in the liquid being easily distinguishable 
from that for the steel tube. 


24. The vibrations of a plate with fixed center. RopeERrT CAMERON COLWELL, [West Vir- 
ginta University —A Chladni plate clamped at the center is usually set in vibration by bowing it 
at the edges. The sand figures formed in this way have been known for many years. If, however, 
a mechanical oscillator actuated by a vacuum tube is applied at different points on the plate, 
many new figures are formed. A few of these will be shown and a brief mathematical treat ment 
given. 


25. The arc spectrum of nitrogen. O. E. ANDERSON AND K. R. More, University of 
British Columbia. (Introduced by G. M. Shrum.)—-The arc spectrum of nitrogen has been excited 
with low voltage, hot cathode arcs in mixtures of nitrogen with helium, neon and argon. Duffen- 
dack and Wolfe (Phys. Rev. 34, 409, 1929) have used helium for the excitation of this spectrum, 
but it has usually been assumed that the lines could not be excited in argon. Since in these ex- 
periments the lines were observed in argon with an intensity of the same order as with helium, 
it has been necessary to revise the usual explanation of the excitation processes. When currents 
of the order of 1.5 amperes were used, the best results were obtained with 0.1 mm of nitrogen in 
1.5 mm of argon. The spectrum has been examined in the region 3400-6000A. As some of the 
weaker lines were obscured by the nitrogen band structure, which varied with the nature of the 
admixed gas, it has not been possible to show that all the lines excited by helium were present in 
the argon mixture. A comparison of the intensities of the lines carried out with a Moll register- 
ing microphotometer showed that the strong NI lines were as intense as the moderately intense 
argon lines. 


26. Activation of N,—Hg mixtures by illumination with light from a quartz Hg arc. B. L. 
SNAVELY AND Louis A. TURNER, Princeton University. —Illumination of a mixture of nitrogen 
and mercury (5 mm Ne, 0,001 mm Hg) in a quartz bulb containing a 0.6 mil tungsten filament 
produces a lowering of the resistance of the filament if it is originally at 400°C. This is the same 
effect which Kenty and Turner (Phys. Rev., 32, 799 (1928)) found to be produced by active 
nitrogen and is presumably attributable to atomic nitrogen. Apparently the excited mercury 
atoms activate the nitrogen in some way. The effect is obtained only with the water-cooled arc, 
showing that the absorption of the 2537 line is involved. The effect is not obtained in similar 
helium-mercury mixtures. Rough preliminary measurements indicate that the magnitude of the 
effect is proportional to the first power of the intensity of the light. 


27. The dissociation of excited iodine molecules by collision with argon atoms. Louis A. 
TURNER AND E, W. Samson, Princeton University —By means of the absorption of the reso- 
nance line of the iodine atom (A=1830A.) it has been shown that iodine atoms are produced 
upon illumination of an iodine-argon :nixture (0.3 mm J2, 5 cm A) with continuous light of 
wave-length greater than 5100A., from a carbon arc. Absorption of such light should produce 
excited iodine molecules and not lead to direct optical dissociation. Apparently the excited 
molecules dissociate upon collision with argon atoms, as we might infer from the quenching of 
the iodine fluorescence by argon, as observed by Franck and Wood. 


28. On the excitation of continuous spectra by bombardment of gases and vapors with 
cathode-rays. WitL1 M. Coun, University of Berlin. (Introduced by Otto Glasser.)—It has been 
observed that gases or vapors which are bombarded by cathode rays, will emit under certain 
conditions a blue light the spectrum of which is continuous and has a maximum of intensity 
(photographically determined) at 4500A. The spectrum has been observed from 6200 to 3000A. 
The spectra received are not dependent on the kind of the ions generated. The light emitted 
is not polarized, but x-rays are generated. A working hypothesis is given in which is shown that 
the emission of the continuous spectrum may be produced by a mechanism similar to that of the 
continuous x-ray “Bremsspectrum.” 


29. Continuous spectrum from tungsten bombarded by 800 volt electrons. LAuRISTON S. 
TayLor, Bureau of Standards. (Introduced by F. L. Mohler.)—Foote, Meggers and Chenault have 
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reported a continuous spectrum from metals bombarded by 1000 volt electrons (J. O. S. A. 9, 
541, 1924). Preliminary measurements have been made of the intensity distribution of this 
radiation in the ultraviolet, from tungsten at voltages from 500 to 1200. At 800 volts the inten- 
sity J(A) increases regularly with decreasing wave-length, being about 3 times greater at 2800A 
than at 3700A. Between 500 and 1200 volts, the intensity distribution remains much the same 
and the intensity increases 2-fold. These results may be subject to an uncertain correction for 
electrons striking the stem instead of the target face. 


30. Radiation from metals bombarded by low speed electrons. F. L. MOHLER AND C. 
BorcKNER, Bureau of Standards.—A paper presented at the New York meeting (No. 28) de- 
scribes continuous spectra emitted by metals bombarded by large electron currents at low volt- 
age, using the metal in the form of a small probe surface in a caesium or helium discharge. 
Measurements have been made with Be, Al, Cu, Ag, W, Pt, and Th in caesium discharges. 
Above 5 volts all except Ag and Cu give a spectrum of nearly equal energy per unit wave-length 
range. Ag is abnormally bright for wave-lengths longer than 3300A and Cu has a minimum in 
the green and yellow. Absolute intensities remain of the same magnitude with the same excep- 
tions. The curves of isochromatic intensity versus voltage are very different. For Ag the inten- 
sity increases almost linearly from the threshold to 10 volts and more slowly beyond; for IV it 
increases at an accelerated rate to 7 volts, is nearly constant to 12 and increases beyond. The Al 
curve has a high maximum at 12 volts and increases again above 16 volts. These variations 
(notably the Al maximum) are more pronounced at shorter wave-lengths. The intensity differ- 
ences between Ag and W remain qualitatively similar in Cs and He discharges. 


31. The blue-green fluorescence of mercury vapor. Paut D. Foore, ArkTHUR E. RUARK 
AND R. L. CHENAULT, Gulf Research Laboratory and University of Pittsburgh.—Visual photo- 
metric measurements were made on the blue-green fluorescence of Hg vapor excited only by the 
core of 2537. At the temperatures employed (21 and 33°C) the green glow cannot be seen in the 
absence of foreign gas. On adding a few millimeters of nitrogen to bring *P; atoms down to °Po, 
it is bright. The intensity of the fluorescence increases to a maximum at 13 millimeters of 
nitrogen and then slowly fades as the pressure is increased. Using calibrated wire gauze screens 
to vary the intensity J of the exciting light, it was found that the fluorescent intensity J is 
definitely not a linear function of J. It obeys the equation j+aj'*=bi, where j=J/Jo and é 
=I/Io; Jo and Jo are the values obtained without screens; and a and } are constants for a given 
temperature and nitrogen pressure. Whatever be the molecule involved in the emission of the 
4850 band, these experiments indicate that a *P» atom is essential to its formation. The observed 
dependence of j on 7 can apparently be explained by assuming the active molecule contains two 
metastable atoms. 


32. Direct measurement of r. H. D. Koenic ann A. Euiett, State University of Iowa.— 
Ever since the well known experiments of Dunoyer (Le Radium 10, 400, 1913) there has existed 
the interesting possibility of measuring the time between absorbtion and subsequent remission 
of radiation by an atom by observing the displacement taking place in this period because of 
thermal agitation. And it is equally well known that for such thermal velocities as are available 
in the laboratory the displacement in 10~8 secs. (the order of magnitude of the time usually in- 
volved) is too small to be measured. The depolarization of cadmium resonance radiation by 
very weak magnetic fields shows that r for the 2°P; state of Cd is unusually large. A beam of 
cadmium atoms was shot through a narrow perpendicular beam of \3261 radiation. The illu- 
minated part of the beam was screened from the camera. Atoms excited in the light beam and 
radiating after they had passed beyond the screen produced a blackening on the film densest just 
beyond the screen and perceptible for a distance of four millimeters. No blackening appeared 
below the screen showing that the spread above it was not due to secondary resonance. Photo- 
meter curves of the blackening are not yet available, but it is evident that 7 is of the order of 
magnitude of 10-6 secs. 


33. The average life for the line 2733A of ionized helium. Louis R. Maxwe tt, Bartol 
Research Foundation, Swarthmore, Pa.—The line 2733A. (6—3) of ionized helium is made up of 
five lines (neglecting spin) whose average lives have been calculated according to the method of 
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Sugiura. The results obtained using Kupper’s (amplitudes)? are: 6;—+30(2.59 X 107° sec.), 6; 33 
(2.59 K 107° sec.), 6) +3, (9.06 X 107° sec.), 63-32 (1.52 KX 1078 sec.) and 62.—3, (7.44 X 107? sec.). 
The experimental method used by the writer for determining the average life of excited ions has 
been applied to this line (2733A) and it is found to exhibit a displacement under the action of 
the transverse electric field which is slightly greater than would be calculated on the basis of the 
above values for the mean lives of the fine structure lines. This difference is probably caused by 
transitions into the sixth quantum state from higher excited states which would produce an 
apparent longer mean life and hence give too great an experimental displacement. However the 
experimental results obtained agree approximately with the above calculated values for the 
average life. 


34. Mean life of the mercury line \2537. Pau. H. GAarretT AND HarRo_p W. WEBB, 
Columbia University.—The mean life of the mercury line \2537 was measured by the alternating 
voltage method previously described (Phys. Rev. 24, 113, (1924)). The radiation was excited in 
a quartz tube by impact with electrons from a hot cathode. The photoelectric system was con- 
tained in a separate tube also of quartz. The surface was zinc evaporated on a nickel plate. 
Measurements of the apparent life were made with diminishing mercury vapor pressures until 
further reduction of pressure produced no change in the measured rate of decay of the radiation. 
At these low pressures (below 3 X 10-4 mm for the geometry used) the absorption and re-emis- 
sion of the radiation was negligible and the true life of a single excitation process was measured. 
This was found to be 1.08 X 107? sec. with an estimated precision of one percent. 


35. Life of the nitrogen molecule in its first excited vibrational state. M. L. Poot, Ohio 
State University.—Curves showing the rate of decay of the metastable 2°Po state of the mercury 
atom in a quartz resonance cell, containing carefully purified nitrogen at room temperature, are 
not accurately exponential. The rate of decay in the neighborhood of 10~ sec. after terminating 
the optical excitation is more rapid than later. A high concentration of nitrogen molecules ex- 
cited to the first vibrational state of the zero electronic state might be expected, due to collisions 
of the second kind with the 2°P, state in mercury. It is assumed that in addition to usual diffu- 
sion and dissipative impacts with unexcited nitrogen, the decay of the number of metastable 
mercury atoms may be influenced by dissipative impacts with these excited nitrogen molecules 
whose number decreases with time by diffusion and by dissipative impacts. An equation for the 
number of metastable atoms is then obtained of the form exp [at+A (exp St—1)]. Evaluation 
of the constants from experimental data gives the following: Life of N2 in first excited vibra- 
tional state, 1.2 to 1.9X10~ sec. depending upon pressure; probability of dissipative impact, 
1.5X10-*; maximum life of 2°P» state of Hg, 30X10~ sec; probability of dissipative impact, 
3.5X10°° 


36. High dispersion in the near infrared. J. D. Harpy, National Research Fellow, Uni- 
versity of Michigan.—Using a Pfund type of spectrometer, with a five inch 1500 line grating and 
especially long focus mirrors, it has been possible to obtain an experimental resolving power of 
20,000 in the region between one and two mu. Using the grating in the first order, the 10830A 
helium line was resolved into two distinct components, of separation 1.1A. The effective slit- 
width in the 1.54 region could be made as small as 0.2A and due to the excellence of the optical 
system the grating remained completely filled with light. Several other helium doublets have 
been resolved and the relative intensity of the two components compared. While testing out 
sources for hollow-cathode-exitation several lines in the neon spectrum were discovered. For the 
most part they have been classified as belonging to already established series. 


37. Polarized fluorescence studied by means of a nicol, photocell and amplifier. D. R. 
Morey, Cornell University. (Introduced by C. C. Murdock.)—It becomes a difficult matter to 
measure the percent of plane polarized light in weak radiations by means of visual devices. This 
is a serious disadvantage in the study of fluorescence, for polarization measurements yield valu- 
able information on the fluorescent process. A high quality nicol, with ends perpendicular to the 
length, rigidly fastened to a photoelectric cell may be made to analyze radiations too weak for 
visual instruments. The types of cell and amplifier to be used are somewhat dependent on the 
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nature and intensity of the source. Using such an instrument, the effect of inhibitors (KI, KCN, 
NaBr, etc.) on the polarization of fluorescent bands has been studied. The results strengthen the 
present view on the nature of fluorescence. 


38. Total emissivities at low temperatures and departures from Lambert’s cosine law. 
E. R. BINKLEY, Lehigh University. (Introduced by C. C. Bidwell.)—Emissivity of oxidized copper, 
nichrome, brass, cold rolled steel, and of aluminum were measured with a special form of total 
radiation pyrometer which had a slit opening and linear thermopile, permitting observations 
at nearly grazing angle. Observations were made at temperatures 100°C, 200°C, 300°C, 400°C, 
500°C, on each surface and at each temperature at angles ranging from 0° to 85°. The instru- 
ment was calibrated on a camphor blacked surface assumed at 98% black body. Lambert's 
cosine law is found to hold at angles of observation above 60° but an increasing deviation is 
found for all surfaces when the angle is reduced below 69°, the deviation at 85° becoming as 
much as 30% for copper, 39% for rolled steel, 56% for nichrome. The value of normal emissivi- 
ties for the various surfaces at 500° were as follows: copper 0.74; nichrome 0.95; brass 0.68; cold 
rolled steel 0.93; aluminum 0.29. There was found to be a rise in emissivity with temperature. 


39. Absorption and temperature emission of neodymium in various solvents. R. W. Woop, 
Johns Hopkins University.—A solid solution of neodymium oxide in fused quartz was drawn 
out into fibres about 0.3 mm in diameter, and a fiber mounted vertically in a bunsen flame. It 
glowed brilliantly and when viewed through a direct vision prism exhibited a spectrum consisting 
of a green, yellow and red band with perfectly dark regions between them. (Experiment shown.) 
This is undoubtedly the best example of a highly selective temperature radiator ever observed. 
Seven bands have been photographed between the blue and 0.9. An interesting study has been 
made of solutions of various colored salts in liquid anhydrous ammonia. The rather wide band 
in the yellow of neodymium ammonium nitrate splits up into five narrow bands. These have 
been compared with the bands shown by the crystals at liquid air temperature and in solid 
ammonia. Some results of interest in connection with ray filters have been secured with the 
ammonia solutions and it seems possible that a suitable filter for giving a comparison spectrum 
in stellar spectra made with the objective prism may be constructed along these lines. Exhibi- 
tion of stereoscopic photographs illustrating the orbital motion of the electron in the Stark effect. 


40. Paschen-Back effect and hyperfine structure of Bi II. J. B. Green, Ohio State Uni- 
versity. (John Simon Guggenheim Memorial Fellow, Univ. of Tiibingen.)—The Zeeman effect in 
Bi II has been studied in a field of 34,000 gausses. The hyperfine structure of Bi II shows some 
very large separations and the Zeeman patterns yield very interesting results, since the field 
strengths available give separations that are about midway between “weak” fields and “strong” 
fields. In particular, 45719, a 1-0 jump in j, gives a completely resolved pattern in the perpen- 
dicular polarization, consisting of twenty components, twelve for m;=1 and eight for m;= —1, 
thus verifying the nuclear moment of i=4 1/2 for Bi. Fisher and Goudsmit’s results for the 
hyperfine structure in Bi II were used. 


41. Effect of combined electric and magnetic fields on the helium spectrum II. J. S. 
Foster, McGill University.—In electric and magnetic fields crossed at right angles, the diffuse 
and fundamental series of helium show a fine structure which is sensitive to changes in the 
electric field. Effects are similar for members of a single series and differ little from the normal 
Zeeman effect in the sharp and principal series. The splitting has been found to be less than 
normal in the p— p combination series. A full account of this research will soon appear. 


42. The Stark-effect in xenon. H. W. HARKNeEss AND J. F. HEARD, McGill University. 
(Introduced by J. S. Foster.) —Earlier results with complex spectra have been interpreted to show 
that displacements of spectral terms by electric fields are inversely proportional to the corre- 
sponding hydrogen difference provided the latter are not too small. This view altogether fails 
to account for the present observation. Instead, a qualitative explanation of most displace- 
ments is afforded through the separations of the xenon term from its neighbor in the manner 
indicated in the approximation made by Pauli. Some of the red lines show more complex pat- 
terns than have been found in the other rare gases. In contrast with helium and neon these pat- 
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terns indicate that the m values are determined as components of the 7, which is retained as a 
unit. For example, the line 2p3—6d,' (j:4-+3) shows four s components and five ¢ components, 
i.e. all that could be observed if the separations in the 2p, state are small. 


43. Asymmetry observed in the Stark-components of Ha. D. R. McRar, McGill Uni- 
versity. (Introduced by J. S. Foster.)—A special grating, with a dispersion of 3.8A/mm.,, having 
a very intense first order spectrum on one side, has been used to resolve the Stark components 
of Haas seen from a Lo Surdo source. An asymmetry is observed in the displacements of the 
components, which is in general qualitative agreement with the calculations of Schlapp. There 
are certain discrepancies, however, which have not been explained. An asymmetry in the rela- 
tive intensities of the components has also been observed. This asymmetry decreases with lower 
gas pressures, or with increasing propertions of helium, neon, or xenon in the discharge tube, 
until there is agreement with theory when traces of hydrogen are present in these gases. It may 
be shown that altering the number of atoms in the initial states does not explain completely the 
observed asymmetry. Since the probabilities of transition agree with experiment in the cases 
mentioned it seems that the presence of neighboring hydrogen atoms or molecules may in some 
way alter the intensities by an action such as collisions of the second kind; but it is difficult to 
see how this could be carried out in the selective manner required to explain the observations. 


44. The electric field, atmosphere and effective temperature of the sun. Ross GuNN, 
Naval Research Laboratory, Washington, D.C.—The study of iniportant electromagnetic effects 
in the solar atmosphere undertaken in previous papers is continued. It is shown that the large 
observed spread of effective temperatures of the sun’s radiation can be accounted for by the 
presence of electric and magnetic fields in the solar atmosphere. The magnitude of the electric 
field at a level where the magnetic field is 25 gauss, calculated from the observed spread of tem- 
peratures, is found to be 0.015 volts,cm and agrees well with 0.013 volts ‘cm calculated earlier 
from the observed anomalous motions of the solar atmosphere. Gravitational equilibrium is 
‘support ” 


found to be unnecessary in all regions of the atmosphere and it is shown that the 
and stability of the chromosphere and its anomalous eastward motion are evidences of precisely 
the same electromagnetic mechanism. An electric field of the value given above is shown to 
account qualitatively for certain bright line spectra of the sun. The strange observed relation 
between bright line spectra and rapid axial rotation of stars, just announced by Dr. Struve of 
the Yerkes Observatory, confirms in a striking manner some of the conclusions of this and earlier 


papers. 


45. Some new relations in the photographic effects of alpha-rays. T. R. WiLkINs AND 
R. WoxFE. Institute of Applied Optics, University of Rochester.—Jacobsen has recently shown 
that the number of grains made developable in a photographic plate is proportional to the den- 
sity provided this number does not exceed 200,000 per sq. mm. The number of developable 
grains was assumed equal to the number of alpha-particles. In the present work alpha-rays of 
various speeds have been used with Eastman Slow Lantern plates. For a given exposure time 
the density is found to be proportional to the number of alpha-rays at least up to 1.5 X 10° per 
sq. mm determined by a direct scintillation count (density 1.39). It would seem that the lack of 
linearity in previous work has been due to a variable exposure time. The slopes corresponding 
to increased exposures are a linear function of the exposure time up to 40 hrs. Thus there is a 
very marked reciprocity defect in the density amounting to approximately 50% for a 60 hr. ex- 
posure. Equations connecting the number of grains per cc of the emulsion with the number of 
alpha-particles have been obtained. Provided that the reciprocity correction for a given emul- 
sion has been determined, the photographic plate offers a splendid quantitative means for alpha- 
ray counting, 


46. Continuous ultra-y spectrum explaining cosmic-ray ionization-depth curve data. 
CHARLES M. O_MsteED, Buffalo, N. Y.—It is shown that the ultra-y cosmic-radiation data pub- 
lished by Millikan and Cameron, (Phys. Rev. 37, 235 (1931)) may be completely explained by a 
continuous spectrum of energy falling off suddenly on the short wave side of 0.000013A (as 
determined by the Klein-Nishina formula; « =0.03) and extending on the long wave-length side 
with evenly varying intensity to beyond 0.0008A. Tables of values of intensity of ionization 
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for different values of u and \ are given. Tables comparing the computed values of ionization at 
various depths with the values observed by Millikan and Cameron are given. It is shown that 
the absorption curve computed from the continuous spectrum coincides with the observed curve 
as closely as does the curve computed by Millikan and Cameron from a group of four bands 
having frequencies corresponding to the formation out of hydrogen of helium, oxygen, silicon, 
and iron. The location of the short wave end of the spectrum at a frequency corresponding to the 
union of electron and proton, together with the shape of the intensity curve, is discussed from 
the point of view of astrophysics. 


47. Wave packets. D. G. Bourain, University of Illinois.—{1) The formal character of 
wave packets follows from the equivalence of harmonic and damped waves in representing dis- 
turbances. Real integrals are thus replaced by equivalent complex contour integrals. A true 


“ 


“stationary phase” principle depends on certain “sattel-punkt” contours and is described phy- 
sically as the resultant of a group of damped harmonic waves of varying amplitudes but identi- 
cal phases. The “Kelvin stationary phase” principle is misnamed since there, amplitudes, not 
phases, are constant. Huyghen’s principle for odd, non-isotropic negligibly absorptive spaces 
may be generalized by correlating “paths,” extensions of rays, with classes of spatially damped 
waves. (II) Flamm, Phys. Zeits. Dec. 1928 and others attempt to construct permanent atom 
packets of the form 


x +h 
v0) => (v y(0,™mée"" Tar erie Xn—n¥ot] (1) 
« “0 

with independent \’s (considered atomic characteristic values). This procedure is incorrect for 
not only is f°: /yy infinite but, under some convergence restrictions (1) in its space dependence 
isan “almost periodic function” i.e. each set of regional values is almost reproduced an infinite 
number of times contrary to the assumption “niir in einem beshrinkten Bereich . . . merklich 
von Null vershieden.” 


48. Wave mechanics of electrons in uniform crossed fields. Mitton S. PLesset, Yale 
University.—We consider the motion of electrons in a uniform magnetic field H in the z-direction 
and a uniform electric field / in the y-direction. We take for the vector potential A= —iHyand 
for the scalar potential = —Ey. With these potentials the wave equation does not contain x 
explicitly, and the solution may be written as ¥ =e**"7/" ,, (a) where ®, (7) is the n** orthogonal 
function of Hermite (the characteristic function for the simple harmonic oscillator) ; 


u = (2k)2[y — w/k22(ameE — akh)|; k = well /he. 


The energy is related not only to the values of the fields E and H and to the integral values n, 
but to the arbitrary constant a as well. The component of the current density in the y-direction 
vanishes identically; and for the component of the current density in the x-direction we have a 
function of yalone whichis - 


jz = eH /me| (u) P(y + ma/kh). 


Thus j; vanishes at the » roots of ®, and at y= — za /kh; for this latter value the current reverses 
its direction. 


49. Oscillations due to corona discharges on wires. R. E. TARpLey, J. T. TYKOCINER AND 
E. B. Paine, University of Illinois—An experimental arrangement was used in which the elec- 
tric constants of the circuit containing a corona tube corresponded to much higher frequencies 
than could be recorded by a reflecting mirror oscillograph. By amplifying the corona currents 
300 to 3000 times it was found with this oscillograph, which was insensitive to circuit oscilla- 
tions, that corona discharges produce a new type of oscillations whose chief characteristics are 
as follows: The frequency (2000—10,000 cycles) is independent of circuit constants. The ampli- 
tude decreases with increasing applied potentials. The wave has a complex form of distinct 
ripples superimposed upon the charging a.c. or upon the steady part of applied d.c. The wave 
form depends on the pressure and nature of the gas and on the polarity of the wire. The wave 
form varies for different gases but the character of the oscillations remains the same for air, 
CO, and N2. The wave form becomes simpler with decreasing gas pressures especially with 
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CO,. At high pressures the oscillations appear superimposed on the corona humps of the charg- 
ing current at moments when the wire is the cathode, but at lower pressures oscillations ap- 
pear only when the wire is the anode. No oscillations are obtained with oxidized or corroded 
wires. Details of the investigation will be published in a bulletin of the Eng. Exp. Station, Uni- 
versity of Illinois. 


50.: Detection and comparative measurement of ionization in dielectrics by means of os- 
cillations. J. T. TyKociner AND E. B. Parne, University of Illinois.—In the study of dielec- 
trics subjected to high potentials, minute voids and adsorbed gas bubbles give rise to ioniza- 
tion. The latter causes a redistribution of the electric field with the result that impulses of vary- 
ing intensity are produced in the adjacent circuit. These impulses are made use of in a method 
for determining the potential at which ionization sets in and for comparing its intensity at vary- 
ing applied voltages. If the circuit whichcontains the dielectric is aperiodic and is coupled to an 
amplifier supplied with a detector and current indicator, the impulses may be separated from 
the charging a.c. A more sensitive arrangement is obtained by tuning the circuit to a con- 
venient frequency. Impulses in form of damped oscillations are then produced which are en- 
tirely free from the a.c. component of the charging source. With four stages of amplification, a 
thermionic detector and a thermionic volt meter early stages of ionization in various dielectrics 
and the dependence of the ionization in various dielectrics on the applied voitage was studied. 
It was found that oscillations of any chosen frequency (100 to 30,000 k.c.) can be produced in a 
circuit by corona discharges in condensers, paper cables and rubber insulated conductors and 
their intensity measured by this method. The complete investigation will be published in a bul- 
letin of the Eng. Exp. Station of the Univ. of Illinois. 


51. Some properties of foreign and domestic micas. \. B. Lewis, E. L. Hatt anno F. R. 
CaLpwWELL, Bureau of Standards, Washington, D.C.—A number of samples of mica, fairly repre- 
sentative of the major sources of the world’s supply of mica, have been tested for their dielectric 
constant, power factor, dielectric strength, and ability to withstand elevated temperatures. 
Average values are given for the dielectric constant and power factor at radio frequencies, and 
for the dielectric strength at 60 cycles. The data indicate the deviations from these average 
values which must be expected in commercial lots of mica. It is shown that stains and inclusions 
seriously affect the power factor of a sample, but have much less effect on the dielectric strength. 
Most of the samples were unaffected by exposure to temperatures up to 600°C, but above that 
temperature only the phlogopites can be said to have successfully withstood the elevated tem- 
peratures. On the basis of these data it was not possible to distinguish between micas of like 
commercial grades obtained from different geographical localities. 


52. Cathode sputtering in a commercial application. H. F. Fruru, Western Electric Com- 
pany, Hawthorne Station. (Introduced by O. S. Duffendock.)—Three sputtering units, each one 
having six cathodes were designed and operated by one man. These units are used to produce the 
gold contact surfaces on broadcasting microphone diaphragms. In order to get good continuity, 
adherance, and uniformity a special method of preparing and cleaning the surface was de- 
veloped. To produce a uniform quality surface and sputtering rate a bleeder valve to control the 
vacuum to +0.05 mm was developed. Sputtered gold surfaces on duralumin microphone dia- 
phragms proved to be more free from pinholes, blisters and corrosion and gave better service 
than those made by electrolytic plating. On account of a lighter coat possible the diaphragms 
can be stretched to a higher natural frequency and show less fatigue. 


53. Wave form of pulsating D.C. currents produced by FG-67 thyratrons. \WAyne B. 
NOTTINGHAM, Bartol Research Foundation.—A cathode ray oscillograph has been used to study 
the wave form in different parts of an “inverter” circuit using two General Electric FG-67 Thy- 
ratrons. (For the simple inverter circuit see Fig. 41, Hull, Gen. Elec. Rev. 32, 398, 1929). With 
the cathodes heated by independent 60 cycles, A. C. windings an “output” can be taken from 
the lead between the cathode and the negative terminal of the D. C. plate supply. The current 
flowing in this lead can be made of the “square-top” type up to a frequency of about 6000 cycles 
per second. The circuit conditions including the plate potential are critical at the highest fre- 
quencies while at 500 to 1000 cycles, it is easy to obtain the desired wave form with a wide range 
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of current and potential conditions. Under the best conditions the time required for the current 
to rise from zero to its full value was probably not more than 30 microseconds and a slightly 
shorter time was required for the current to fall from full value to zero. The exact wave form 
depends on the inductance, capacity and resistance of the D. C. supply. This system has been 
developed to heat a filament for the investigation of thermionic emission with low accelerations 
and retarding fields, but undoubtedly has other possible applications. 


54. The starting-time of thyratrons. A. W. Hutt Anp L. B. Sxoppy, General Electric 
Company.—Starting-time is defined as the time between the application of grid or plate voltage, 
and the attainment of full arc current. This time has been studied by means of high frequency 
alternating voltage, condenser discharge, and cathode ray oscillograms. The observed times 
depend upon vapor pressure, and upon anode and grid voltages, and lie between one-tenth (0.1) 
microsecond and 4 microseconds under practical conditions for all commercial thyratrons. Times 
of the order of one thousandths (0.001) second, as reported by Nottingham, (Journal Franklin 
Institute 211, 271, March 1931) have not been observed. 


55. Magnetic induction in a projectile shot into a steady field. L. THompson AND N. 
RiFFOLT, Naval Proving Ground, Dahlgren, Va.—For the solution of the equation of interior 
ballistics it is essential to define the powder burning and bore dissipation functions appropriate 
to the system. These can be identified by experimental firing which obtains pressure and dis- 
placement of projectile as time distributions. The present experiment measures projectile dis- 
placement by use of gun coils, mounted at intervals along the bore. A steady current is estab- 
lished in the coils before the round is fired. As the base of the projectile passes from a coil the 
transient electromotive forces develop a small change in the primary current, the oscillographic 
record of the secondary impulse having a form facilitating accurate time evaluation. Absolute 
position at the instant of current maximum, can be checked for new conditioning by means of 
external screens times of contact being superposed on the record. The coils are the basis, also, for 
an empirical method of measuring ejection velocities at high angles of projection, and aboard 
ship. Magnetic lag measurement for this cycle of short duration, .001 second or less, may be 
practicable with a coil set external to the gun, utilizing difference between flux values for pro- 
jectile at rest and in motion and with compensation for eddy current. 


56. A method for precise speed control developed in connection with an absolute measure- 
ment of resistance. FRANK WENNER AND CHESTER PETERSON, Bureau of Standards, Washing- 
ton, D.C.—Any absolute measurement of resistance inherently involves a measurement of 
length and of time. In one of the methods on which we are working in the Bureau of Standards 
time enters as the speed of rotation of a direct-current motor. It is not necessary that the speed 
over very short periods of time be highly constant, but over periods of about 10 seconds and 
longer the average speed should be constant and known to within one part in 200,000. On the 
shaft of the motor there is a 1000-cycle generator whose electromotive force is synchronized with 
a 1000-cycle electromotive force obtained from a piezoelectric oscillator. Synchronization is 
secured by rectifying and amplifying the instantaneous sum of the two electromotive forces. 
The amplifier out put current has an average value depending upon the phase angle bet ween the 
two electrical systems. This current actuates a relay controlling power applied across a heavy 
inductance in one of the armature leads. As a consequence, the average speed of the motor is 
constant to the same precision as the oscillator frequency, which is stable to within a few parts 
in ten million. The method of control requires an oscillation of the speed about the average. 
This oscillation is of short period and small amplitude. 


57. Resistance-temperature law for oxides. J. A. OstEEN, Lehigh University. (Introduced 
by C. C. Bidwell.)—Bidwell showed that the resistance temperature law for certain variable 
conductors (oxides, etc.) was of the form p=Ae®/"T+eT_ Plotted in the form (—1/p)(dp/dT) 
=[Q/(RT?)|—a he obtained for Fe.O; straight lines with a break near the recalescence point, 
the two lines having the same y intercept but different slopes. This law was also followed by me- 
tallic germanium. The present paper extends this work to zinc oxide and beryllium oxide. Beryl- 
lium oxide yields two straight lines showing a transition at 750°C. Zinc oxide yields two straight 
lines with a transition in the interval 250°C —500°C. The two zinc oxide lines have different 
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slopes but the same y intercepts. With successive heatings to 1050°C there occurs continued 
decreases in the slope of the line for the 500°C — 1000°C range but no change in the y intercept. 
The line for the range 0°C — 250°C changes on successive heatings to 1050°C and finally stabi- 
lizes to a value of slope and intercept which repeats on succeeding runs. On the suggestion that 
the indicated transformation was due to impurity, new material of special purity prepared by 
the New Jersey Zinc Company was studied. The behavior of this material was found to agree 
closely with that of the earlier specimen but gave a more clean cut transformation. 


58. High resistances made from metallic oxides. E. R. MANN AND D. R. Morey, Cornell 
Univ. (Introduced by C. C. Murdock.) —The object has been to find a simple and rapid means 
of making high resistors (108 to 10" ohms) of good quality. Resistors are made by mixing metallic 
oxides in suitable binders of an insulating nature. In all specimens, an ageing process occurs. 
In certain cases, most of the ageing occurs within a few hours and the resistors show but small 
and slow changes thereafter. In this there is the advantage of the use of the resistor within a 
short time after it has been made. A further advantage lies in the extreme ease of making. In the 
matter of size and ultimate constancy these resistors are not superior te some other types made 
by more painstaking and laborious methods, yet they will serve excellently for many purposes. 
A large change with temperature is present in most specimens. They have been tested for devi- 
ations from Ohm's law and for small fluctuations under working conditions. 


59. A new theorem concerning temperature-compensated millivoltmeters used with shunts 
for the measurement of current. H. B. Brooks, Bureau of Standards, Washington, D. C. 
Millivolt meters are essentially permanent-magnet moving-coil galvanometers for laboratory or 
switchboard use. The moving coil is of copper or aluminum wire of high temperature coefficient, 
hence for a given applied voltage the resulting current and deflection will vary greatly with 
changing temperature. Millivoltmeters are partly or wholly compensated for temperature by 
connecting a manganin coil in series with the moving coil. To obtain complete compensation 
in this way requires, on the average, about 200 millivolts at the millivoltmeter terminals for 
full-scale deflection. This is undesirably high, and the Swinburne method is therefore used to 
get complete compensation with about 50 millivolts for full-scale deflection. Either kind of com- 
pensated millivoltmeter, used with a shunt for current measurements, is compensated (as an 
ammeter) only when the resistance of the shunt is small relatively to the resistance of the man- 
ganin coil in the millivoltmeter. One maker of high-grade compensated millivolt meters does not 
care to supply shunts with a rating of less than 30 times the full-scale current of the millivolt- 
meter. A simple theorem has been found which applies to either type of compensated millivolt- 
meter and removes the limitation against low-range shunts. 


60. An experimental study of the natural widths of the x-ray lines in the L-series spectrum 
of uranium. JoHN H. WILLIAMs, University of California.—The rocking curves of ULa, in 
three different anti-parallel positions of the double x-ray spectrometer give a natural width 
which is practically independent of the dispersion. The natural widths of ULa; and UL{, have 
been observed as a function of voltage and no significant dependence was noted. The half widths 
at half maximum of twelve lines in the uranium L-series spectrum were studied and the results 
are: 

Line ay ae B; Be Bs Ba Bs Bs "1 ¥2 v3 ve 
AX in X.U. 0.439 0.494 0.299 0.369 0.382 0.726 0.252 0.487 0.242 0.57 0.47 0.233 
9.7 


AV in volts 6.56 7.20 7.17 8.04 940 16.1 5.94 1 7.96 19.7: 16.2 8.18 


Possible correlations with the electron transitions are suggested and the predominance of nu- 
clear effects are evident from the greater widths of lines involving the elliptical orbit Lz. The 
large natural widths of the lines excludes the possibility of observing the effects of nuclear spin 
suggested by Breit. The actual shape of the line ULa has been investigated and found to ap- 
proximate that predicted by the classical theory. 


61. The width of soft x-ray lines. WiLL1AM V. Houston, California Institute of Tech- 
nology.—The most direct experimental evidence as to the distribution of energy levels in a solid 
crystal comes from the observations on soft x-ray lines. The work of Séderman and others in 
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the extreme ultraviolet shows that while spark excitation gives sharp lines, excitation of a solid 
target by electron bombardment gives very broad lines. The shape of these lines, when proper 
account is taken of the transition probabilities, gives the distribution of the upper, occupied 
energy levels of the solid. Although it is difficult to infer the energy level distribution from the 
observations, because of the unknown transition probabilities, it is easy to determine the line 
shape to be expected from various models. The simple Pauli-Sommerfeld model of perfectly 
free electrons, gives the correct order of magnitude for the width of the lines, but does not give a 
very good approximation to the observed shape. If Bloch’s method of starting with the functions 
of the individual atoms is used, the agreement in both shape and width is rather good. The lines 
of those elements whose outer shells are incomplete, show the sharp falling off on the short wave- 
length side which is characteristic of the Fermi statistics. 


62. Crystal structure of lithium iodate. F. A. Barta anp W. H. ZACHARIASEN, University 
of Chicago.—The structure of lithium iodate was determined by using the oscillation and powder 
methods. Lithium iodate is hexagonal with 2 molecules per unit cell of a=5,469A +0.003A, 
c=5.155A +0.005A. The space group assigned is De® and the atom positions are: 2Li in (003) 
(002), 21 in (4 33) (3 4 2 and 60 in (wu 0) (0 @0) (400) (a @ 4) (0 uw 4) (uw 0 4) with w=}. The 
structure is based on hexagonal closest packing, with the lithium and iodine atoms both lying 
within oxygen octahedra. The atomic distances are Li —O and I —0 =2.23A with lithium octa- 
hedra sharing faces with each other, one lithium and one iodine octahedra sharing only edges 
and two iodine octahedra only corners. 


63. The refractive indices of potassium chlorate crystals, and the structure of the ClO; 
group. W. H. ZACHARIASEN, University of Chicago.—The method developed by W. L. Bragg 
(Proc. Roy. Soc. London 105, 370 and 106, 346 (1924)) has been used in order to calculate the 
refractive indices of KCIO; crystals from the atomic arrangement. The Cl** dipole of the ClO; 
group was given one degree of freedom, along the trigonal axis of the radical. The calculations 
give agreement with the observed birefringence if the height of the Cl** dipole above the plane 
of the oxygens is .99A. X-ray determination gives a displacement of .49A. The scattering power 
for x-rays depends almost entirely upon the K and L electrons. The x-ray method therefore gives 
us the position of the Cl*? core, whereas the optical calculations fix the position of the dipole. 
We must suppose the dipole to be formed by a displacement of the core and the two outer elec- 
trons. The observations thus indicate that the two valence electrons of Cl** are displaced with 
respect to the core, in a direction away from the oxgyen plane. This result is in agreement with 
the picture of the ClO; group given by the author in different publications. The calculated and 
observed birefringence and refractive indices are: 


Observed Calculated 
pe oe re ae ean a ee Ree a le Ci kL eo 1.420 
ec senenieaes | as el 1.517. | | 1.535 
ee - ea eel oer th 1.524. ae 1.535 
[(8+y)/2]—e.. Oe RN 0.111. shatavadnus Seid eo f 


} 64. The structure of the NO, group. G. E. ZieGLER, University of Chicago.—The structure 
of NaNO, was determined in order to test W. H. Zachariasen’s prediction (in press, Jour. Am. 
Chem. Soc.) that the NO, group would be angular with 120° between the N —0 bonds. Powder 
crystal, rotating crystal, and Laue data were used. The lattice is body-centered, orthorhombic, 
space-group C2v — 20, with a unit cell a=3.55A, b=5.56, c=5.37 containing 2 molecules. From 
visually estimated intensities the positions of the atoms are: 


Na 0, u, 0; 1, ut}, } “na = 210° 
N 0, u, 0; +, u+3, 3 ux= 30° 
O 0,0,u; 0,0, —x; b, 2, ut}; A h,h—n uo =70° 


(360° =a, 6, or ¢ respectively) 

Distances between atoms: N—O=1.13A, O—O same group = 2.09, O—O different groups 
>3.3, Na—O two O's 2.53, Na—O four O's = 2.46. h =displacement of N from O—O line =0.46 
A. The angle between the N —O bonds = 130°. The observed data definitely disagree with a co- 
linear NO, group. 
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65. Precision wave-length measurement with the double crystal x-ray spectrometer. 
ARTHUR H. Compton, University of Chicago.—An x-ray spectrometer was designed with the 
first crystal mounted on an auxiliary table supported by the frame of the spectrometer, and 
with the second crystal mounted on the central table of the instrument, whose position is read 
from a precision circle. The ionization chamber (of 25 cc capacity, filled with krypton) is on an 
arm whose position is read by a second precision circle. The instrument was built by the Societe 
Genevoise de Physique. The first crystal was adjusted to throw the Ka line of molybdenum 
over the main axis of the spectrometer, and measurements were made with the second crystal 
in the (1, —1), (1, +1), (1, —4) and (1, +4) positions (Allison's notation). The reflection max- 
ima from calcite (corrected to 18°C) occur at 0; =6°42'35.5" and 0,=27°51'32.9” with a prob- 
able error of 0.25” due chiefly to errors in reading the circle. Using an apparent grating space 
for the first order of 3.02904A at 18°C, we get \ = 707.832 +0.002 mA. Larsson obtained 707.831 

+ 0.003 mA using Siegbahn’s photographic method. Comparison of 6; and 6, gives for the index 
of refraction in calcite, 1 —~=(2.10 +0.15) X10~, in good accord with Hatley’s more direct 
measurement of 2.0410~°. 


66. Absolute wave-lengths of the copper and chromium K series. J. A. BEARDEN, 
Johns Hopkins University. —A consideration of the objections to the measurement of x-ray 
wave-lengths by ruled gratings shows that the method should be reliable if the apparatus is in 
precise adjustment and the gratings of good quality. In the present experiments 5 gratings were 
used which were ruled on two ruling engines. The method of the experiment was similar to that 
given by the writer in the Proc. of the Nat. Acad. of Sci. 15, 528, (1929). The results from differ- 
ent gratings on the same wave-length agree very satisfactorily. The final results of 172 plates 
are given in the following table. 


~ Spectral — ; array Grating 


Line Crystal \ Grating A Limiting Error —Crystal \ 
Cu Kg 1.38914A 1.39225A +0.00014A +0.224% 
Cu Ka 1.53838 . 2aas2 + .00015 + .217 
Cr Ke 2.08017 2.08478 + .00021 % 222 

+ .00023 + .222 


Cr K, 2.28590 2.29097 





From these results, the grating constant of calcite is d=3.0359 +0.0003A, and Planck's 
constant h as determined by Duane, Palmer and Yeh is h =6.573 +0.007 X 10~*" erg sec. The 
mean value of the dispersion of x-rays as determined by Stauss (Phys. Rev. 36, 1101, (1930)) 
and Larsson (Inaugural Dissertation, Uppsala, 1929) gives e/m=1.769 X10? e.m.u. g~!. The 
values of these constants are independent of any imperfection in the crystal grating. If the crys- 
tal lattice is assumed “perfect” then we have, Avogadro’s number V =6.019 X 10*5 mol. per mol. 
the charge on the electron e=4.806 X 107! e.s.u. and 4 = 6.623 X107~*7 erg. sec. 


67. Absolute measurement of the Cu L, line. Cart E. HOWE AND MILDRED ALLEN, 
Oberlin College.—Two photographic plates at different distances from a plane glass grating of 
600 lines/mm are exposed simultaneously to the radiation from a copper target. Wave-lengtlis 
are computed from the plates and the constants of the apparatus. Over sixty determinations 
indicate for the wave-length of the L, line of copper a value close to 13.326A +0.01 (mean devi- 
ation) +0.001 (probable error). This differs by 0.15% from 13.306A as obtained by Larsson 
from crystal measurements. 


68. Theory of the diffuse scattering of x-rays by solids. G. E. M. Jauncey, Washington 
University, St. Louis —The classical theory of x-ray scattering has been applied to the scattering 
of x-rays by the electrons in the atoms of a solid. The case in which the solid consists of atoms 
of one kind has been considered. The interaction of the waves scattered by each electron with 
these scattered by every other electron in the solid has been considered. The analysis is simpli- 
fied by the fact that the orbital periods of the electrons in the atoms are very much shorter than 
the vibrational periods of the atoms, due to thermal agitation. The final formula obtained is 
S=1+(Z—-1)(f"/2Z*)+(F?/ZN)X where S is the scattered intensity per electron relative to the 
scattered intensity from a single isolated electron, Z is the atomic number, F the atomic struc- 
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ture factor including the effect of thermal agitation f’ is related to f the true atomic structure 
factor (without thermal agitation), N is the total number of atoms, and X is a certain double 
summation. The value of XY has not been obtained for an amorphous substance, but it has been 
evaluated for the case of a simple cubic crystal by Jauncey and Harvey in another paper (No. 
153). 


69. Hyperfine structure and width of x-ray spectral lines. F. K. RicHrMyeR ANp S. W. 
BARNEs, Cornell University.—In a recent letter to the Physical Review (Sept., 1930) we re- 
ported measurements which seemed to indicate that the Ka, line of W(79) has a hyperfine struc- 
ture of the type predicted by Breit. The measurements were made with a two-crystal spectrom- 
eter of special design. It now appears, after further critical and extensive study, that the appar- 
ent separation must have been due to some (as yet) unknown instrumental peculiarity. The 
numerous measurements made in connection with this study permit a determination of the 
width of WKa. The average of several measurements in second, third and fourth order, after 
applying corrections for rocking curves of the crystals in the parallel position, gives a half width 


of 0.154 X.U. 


70. Survey of the satellites of the Ka,.. doublet, the KS, and Kf; lines. O. Rex Foro, 
West Virginia University. (Introduced by R. C. Colwell.)—In a paper on the satellite structure 
of the x-ray diagram lines La, L8; and Lf, for the elements Rb (37) to Sn (50) Richtmyer and 
Richtmyer, by a careful timing of exposures, were able to show that the number of satellites 
were more numerous than previously reported. These results called for a survey of the satellite 
structure of the A-diagram lines. Such a survey extended the range of the elements over which 
the satellites Ka;, Ka, and Ka’ could be measured. An entirely new satellite of the diagram 
line Ag;, designated by As°, was found for the elements Ca(20) to Cr(24). The satellite Kas 
was found to consist of two components over the range of elements Al(13) to Cl(17) instead of 
a singlet as previously supposed. Microphotometer records of the spectrograms show a very sig- 
nificant reversal in the relative intensities of the Kas; and Ka, satellites at the element P(15). 
That the square root of the difference in frequency between a satellite and its parent line is a 
linear function of the atomic number is shown to be approximately true for satellites of the 
Ka,2 doublet. This relation is not valid for satellites of Af; and Kp». 


71. Effect of piezoelectric oscillations on the Laue patterns of quartz. G. WW. Fox aAnb 
P. H. Carr, Jowa State College.—In an attempt to determine the amplitude of vibration of the 
atoms in a quartz lattice brought about by piezoelectric oscillations, a series of Laue photo- 
graphs have been made of both Curie and thirty-degree cut plates, using the white radiation 
from a standard Coolidge tube. This tube had a tungsten anode and carried a current of four 
milliamperes at 95 kilovolts. Eastman standard x-ray film was used with no sensitizing screens, 
On examination, the patterns produced by each plate, oscillating and non-oscillating, appear 
identical except in one respect: the pattern of the oscillating plate is several times as intense as 
that of the non-oscillating. A four-hour exposure of a non-oscillating plate to radiation of the 
above mentioned type, produces but the rudiments of a pattern, whereas, the same plate oscil- 
lating produces a very beautiful intense pattern for the same timeof exposure. The effect is quite 
independent of the piezoelectric frequency and does not depend on whether the plate vibrates 
according to the shear mode or the transverse mode. It is hoped that the work in progress will 
establish the cause of this peculiar intensity difference. 


72. Calculation of the resolving power attainable in x-ray spectroscopy by photographic 
methods. SamuEL K. ALLison, University of Chicago.—lf we, the (half) range of glancing angle 
over which a crystal will reflect monochromatic x-rays has been determined by the double spec- 
trometer method, it is possible to calculate what resolving power is attainable from this crystal 
by photographic methods. Equations are set up giving the resolving power in terms of a, the 
slit width, and R, the distance from slit to photographic plate. Some results are: (1) No appreci- 
able increase in resolving power is obtained by making a/2R< jw-. (2) If a/2R>2.5w, the re- 
solving power does not involve w,. (3) The resolving power attainable in the first order by 
photographic methods is 1/2"? of that attained in a double spectrometer in the (1, 1) position 
with crystals of equal perfection, as stated by Valasek (Phys. Rev. 36, 1523 (1930).) (4) The 
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resolving power of the instrument used by Valasek in his experiments on the molybdenum K 
spectrum in the first order was about 5350, whereas that of a double spectrometer in the (1, 1) 
position with crystals of the perfection of those used by Allison and Williams (Phys. Rev. 35, 
1476 (1930)) is about 8100. The calculations are extended to include measurements of widths 
of spectrum lines by photographic methods. 


73. Indices of refraction and absorption in the case of soft x-rays. ELMER DERSHEM, 
University of Chicago.—Measurements of the absorption of the Ka line of carbon in carbon, 
nitrogen, oxygen and neon indicate that for elements such that Ax <44.6A <)z, the atomic ab- 
sorption coefficient is given by the following equation: ua=1.65Z44X10-*%. The linear absorp- 
tion coefficient of fused quartz may be calculated from its density and the absorption coefficients 
of its constituents and is found to be 47,200. The index of absorption x, isfoundfromtheequation 
xk =pd/4r =1.68 X 107%. The Drude-Lorentz dispersion formula yields the value, 6=1—n=4.8 
< 10-5. Reflected intensities computed from these values are somewhat higher than those found 
experimentally. Good agreement is secured if « is assumed to be 2.5 X 1075. The results indicate 
that the value of 6 computed from the Drude-Lorentz formula is the correct one but that sur- 
face films or imperfections reduce the reflected intensity in much the same manner as an increase 
of absorption. Other measured values of atomic absorption coefficients for the Ka line of carbon 
are as follows: A, 30.1 107%: Kr, 43.4 1079: Xe, 14.5107: Au, 40.7 X10~-. The bearing 
of these results upon x-ray absorption formulas is discussed. 


74. Change in x-ray wave-lengths by partial absorption. J]. Ml. Cork, University of Michi- 
gan.—Experiments have been carried out to duplicate those of Dr. B. B. Ray, in which a beam 
of x-rays traversing an absorbing medium gave in the direction of transmission a modified line 
of longer wave-length. The shift in wave-length corresponded to the x-ray photon elevating an 
electron to an outer atomic level and passing on unchanged in direction with diminished energy 
and hence a longer wave-length. Using the Ka lines of copper and the La line of tungsten with 
absorbing screens of beryllium, boron, carbon, oxygen and nitrogen under a variety of condi- 
tions, it has been impossible to show the existence, in any case, of a modified line. 


75. X-ray absorption measurements in mercury vapor. FreD M. User, University of 
California. (Introduced by Robert B. Brode.)—The mass absorption coefficients, «//p, of mercury 
in the wave-length region 0.74 to 1.4A were determined by an ionization method. The absorber 
was in the form of superheated vapor, whose density was calculated on the assumption of per- 
fect gas behavior. The absorption chamber was entirely of pyrex glass, and was combined with 
the x-ray tube into a single unit. Electrometer deflections of several millimeters per second were 
obtained with the tube currents ranging from 6.5 to 17.5 m.a. and with the voltage low enough 
to prevent excitation of wave-lengths corresponding to the second order reflection. Readings 
were taken for several positions of the crystal before removing the absorbing vapor from the 
path of the beam. The magnitudes, 5, of the three L absorption discontinuities, where 6 is de- 
fined as the ratio of «/p on the short and long wave-length sides of the limit, are 6Z;=1.18, 
5Ln =1.39, 5L1=2.45. The mass absorption coefficient can be expressed by the relation 
u/p=Ad*. The constant A assumes a different value for each branch of the curve, but the 
value of c does not vary from 2.6 by more than 0.1 for all four branches. The value of u/p at 
1.4A is in accord with what one would expect from Allen’s values for gold and lead, which indi- 
cates that no appreciable error is introduced by using the perfect gas equation for superheated 
mercury vapor. 


76. Lattice parameter of copper by a precision instrument. C. S. BARRETT AND H. F. 
KatseR, Naval Research Laboratory, Washington, D. C.—A precision x-ray camera for large an- 
gle diffraction, a modification of the instrument of Sachs (Phys. Zeit. 60, 481, 1930), has been 
constructed. A photographic plate is used, avoiding film shrinkage. A specimen is used whose 
surface is plane, parallel to the photographic plate, and perpendicular to the x-ray beam. The 
distance from specimen to plate is measured by a micrometer. The instrument is applicable to 
specimens prepared for metallographic examination, and is convenient for high temperature 
studies. The parameter of copper was determined for material from Adam Hilger Ltd. analyzing 
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Oxygen 0.040%, Nickel 0.002%, Iron 0.003%, Arsenic 0.004%, Lead 0.001%, Calcium 0.001%, 
with spectroscopic analysis indicating in addition only slight traces of magnesium, caesium, and 
sodium. The specimen was prepared with a polished surface, annealed two hours in vacuum, and 
etched lightly. Copper and brass anticathodes were used. Wave-lengths assumed were Cu 
Ka, =1.53739A, Cu Kae=1.54126A, Zn Ka, =1.43206A, Zn Kao=1.43587A. The mean value 
of 18 observations of ao for copper at 20°C was 3.6078 +0.0001. This value agrees closely 
with that of Ageew, Hansen, and Sachs, (Phys. Zeit. 66, 350, 1930), 3.6081A and yields a calcu- 
lated density of 8.93 in accord with measured densities, 8.94 +0.01 (I.C.T. Vol. II, p. 456). 


77 Lattice parameters of solid solutions of silicon in copper. H. F. Kaiser Anp C. S. 
BARRETT, Naval Research Laboratory, Washington, D. C-—Measurements of ao for a-Cu-Si alloys 
containing less than 0.06% total impurities were made on the precision instrument described 
above. The alloys were homogenized by a 48 hour anneal at 750°C in vacuum, terminated by a 
quench in water. After a polish, they were given a 3 hour anneal at 725°C in purified hydrogen 
and again quenched in water. Subsequent polishing and etching was done with great care to 
provide a surface free from cold work, and exposures were made within 24 hours; these precau- 
tions were taken to avoid decomposition of the solid solutions. Alloys containing 5.91% and 
6.36% Si, however, showed by their diffraction patterns and by their dg values that there was 
precipitate present. The parameters found were as follows in A.U. at 20°C: 1.09% Si=3.6103; 
3.01% Si=3.6128; 5.02% Si=3.6150; 5.91% Si=3.6151; 6.36% Si=3.6157. Densities calcu- 
lated from these parameters and compared with densities as measured by Norbury (Trans. 
Farad Soc. 19, 586, 1923-24) indicate that the solid solution is of the simple substitutional type, 
and agree well with Norbury’s densities when calculated on this theory. That the silicon atom 
expands the copper lattice in spite of its smaller radius is not regarded as an anomaly, since the 
elements differ in crystal structure. Studies of orientation of the precipitate are being conducted. 


78. The x-ray analysis of vesuvianite. B. E. WARREN, Massachusetts Institute of Tech- 
rology.—Vesuvianite H2CajoAl¢SigO3s is a complex, tetragonal silicate with a= 15.60A c=11.83A 
space group 2),,4 and four molecules in the unit cell. The cell contains 260 atoms and involves 
44 parameters. The analysis is of particular interest as an extreme case of a complex structure, 
and illustrates the extent to which our present knowledge of the physical chemistry of the sili- 
cates has progressed. The structure is determined by means of a close relationship which is dis- 
covered between vesuvianite and the cubic crystal garnet CasAloSis0;2. Two quadrants in the 
vesuvianite unit cell are identical in structure to the corresponding two quadrants in garnet ex- 
cept that they are rotated 45° about c. Quantitative measurements of the integrated reflexion 
with a Bragg ionization spectrometer for 40 planes give structure amplitudes in good agreement 
with those calculated from the structure. The structure contains SiO, and Si,O; groups, and the 
coordination numbers are Si-4, Al-6, Ca-8. 


79. Atomic scattering power of copper and oxygen in cuprous oxide. G. A. Morton, 
Massachusetts Institute of Technology. Rockefeller Institute for Medical Research. (Introduced by 
B.E.\Warren.)—The atomic F-curves for copper and oxygen for the K « radiation of copper have 
been determined from cuprous oxide, and are compared with the Fcu-curve from metallic copper 
and Fo-curve from NiO. Measurements were made on samples of finely powdered Cu2,O pressed 
into suitable briquets, using an x-ray powder spectrometer to measure reflected intensity. The 
structure factor F for the reflecting planes is calculated from the power of reflexion. The atomic 
scattering factors as a function of sin @/X are found from these F values. The Fcu-curve and 
Fo-curve as obtained from Cu,O and those from metallic copper and oxygen in NiO are found 
to be the same over the overlapping portions of the curves. 


80. An x-ray determination of crystal orientation in nickel, copper and aluminum, pro- 
duced by cold rolling. C. B. HOLLABAUGH AND W. P. Davey, The Pennsylvania State College. 
—High purity nickel, copper and aluminum, free from all preferred orientation, were cold 
rolled in such a way as to produce no appreciable temperature rise and the orientations were 
determined after each pass using the method of Davey, Nitchie and Fuller (Mines and Met. 
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Tech. Pub., 243, E88). Nickel and copper showed identical orientations both as to limits of 
ranges of preferred orientations and mean positions. The number of passes through the rolls 
determines the probability that a crystal fragment will be within the preferred range, but does 
not affect the limits of the preferred range. Aluminum shows a related preferred orientation, 
but with widely different angular limits which depend on the number of passes through the 
rolls. This work, with similar work on silver previously reported, shows, contrary to the ac- 
cepted belief, that except for copper and nickel, the common face-centered cubic metals show 
differences in preferred orientation both with respect to the limits of preferred range and with 
respect to the mean position of orientation. The preferred positions are similar only in that 
they all show one face diagonal of the cube always in a plane parallel to the direction of roll- 
ing and perpendicular to the rolling surface. 


81. X-ray evidence as to the size of a gene. Oswa_p BLackwoop, University of Pitts- 
burgh.—To explain certain facts of heredity, geneticists postulate the existence of bodies 
called genes in the chromosomes of living cells. The diameter of these bodies in the cells of 
the fruit fly (Drosophila) is roughly estimated to be 600A. The writer has computed the 
approximate number of ions produced in such a gene when exposed to x-rays of known in- 
tensity for a known time. Using Patterson's experimental value for the percentage of exposed 
flies showing a certain mutation about one per cent of the atoms in a gene are found to be 
“sensitive,” (i.e. their ionization is assumed to be accompanied by mutation). If the sensitive 
material were concentrated in a spherical nucleus, its diameter would be about one-fifth that 
of the gene. The hypothesis that natural mutations are caused by cosmic or natural gamma- 
rays seems improbable since the ionization produced in this manner is about three billion 
times smaller than that due to the x-rays as used by Patterson. The period for one per cent 
mutation would therefore be about one million years instead of a few weeks. 


82. Parallax stereoscopic x-ray pictures. KENNETH S. CoLe, Columbia University. 
Shadow parallax “stereograms” and “panoramagrams” can be made with visible light or 
x-rays by several types of relative motion of a point source of radiation, the object, a suitable 
grating, and the photographic plate. Viewed with a similar grating, either a stereoscopic or 
pseudoscopic effect may be obtained, also, small movements of the object can be followed in 
the “panoramagram.” Stereoscopic x-ray “vision” can be obtained with a fluorescent screen 
and two gratings. 


83. The lethal effect of intense x-rays on the organism colpidium colpoda. Harry CLARK, 
MorpDEN Brown, AND JOHN THoMAs, Stanford University.—Several single-cell organisms have 
been studied by various investigators. The curves showing the relation between the number 
of survivors of a group and the time of radiation have been fitted usually by the use of Pois- 
son's exponential series, the number of terms required lying between 1 and 8 with one excep- 
tion. The results are generally interpreted as statistical evidence of a definite lethal number of 
quantum-hits, which must fall inside a small “sensitive volume” within the cell, although nor- 
mal biological variation is sometimes considered. Although Crowther, working with colpidium 
colpoda, used 49 terms for immediate death, the range of individual lethal doses was still very 
wide. Using silver radiation at 50 kv, several times more intense than Crowther’s and well 
controlled, we have found evidence of an approach to a critical lethal dose, the same for all 
individuals, which would exclude normal biological variation. To reconcile this result with 
Crowther’s, we suggest that the processes to recuperation, which are known to be very rapid, 
are less rapid in the sensitive volume than elsewhere. Less intense radiation produces death 
by injury to the sensitive volume; more intense rays operate predominantly on other parts of 
the cell. 


84. The extension of Clapeyron-Clausius equation to dissociation within the gaseous 
phase. J. L. Finck, Washington, D. C.—This paper is a study of the thermodynamic analogies 
between the liquid-vapor state and the gaseous state in which dissociation occurs. It is noted 
that the associated gaseous component corresponds to the saturated liquid and that the dis- 
sociated gaseous component is the analogue to the saturated vapor. By means of a hypothetical 




















AMERICAN PHYSICAL SOCIETY 1699 


mechanism, consisting of a piston and cylinder, which contains the gas, and two semi-per- 
meable membranes, it is possible to separate the gas into two phases, one containing the asso- 
ciated component and the second the dissociated component. This permits dissociation to 
take place by an isothermal-isopiestic process, analogous to the evaporation of a liquid. By 
means of this hypothetical process it is shown that Clapeyron-Clausius equation must take 
the form A =0(v2—,) (6p/59)., where A is the heat of dissociation, 1; and v2 the specific volumes 
of the associated and dissociated components, each taken at p, @, and x is the degree of disso- 
ciation. Calculations based on experimental data for NH;, HO, and CQ, gases check the 
experimentally determined values for A to 1 percent and less. Some remarks are made with re- 
gard to superheated and supercooled states. 


85. The mechanics of effervescence. C. J. CRAVEN AND Orro STUHLMAN, JR., University 
of North Carolina.—Small bubbles of gas rising through a liquid originating at various depths, 
great compared to their dimensions, arrive along a spiral path, at the surface with the same 
terminal velocity. They roll under the surface film, come to rest and burst, projecting frag- 
ments of liquid into the air. These fragments rise to different heights. For a given radius of 
bubble, temperature remaining constant, the separate fragments follow a near Maxwellian dis- 
tribution when distribution in height is examined as a function of diameter of bubble. After 
the maximum height is passed the above distribution becomes less regular, probably due to 
distortion in shape of the larger bubbles. Bubbles rising through water at 21°C, having diame- 
ters up to 0.16 cm burst into three fragments, from 0.16 to 0.20 cm they burst into two frag- 
ments. Bubbles larger than this burst irregularly. 


86. The absorption of audible vibrations in the air. VERN O. KNUDSEN AND L. P. DEL- 
Sasso, University of California at Los Angeles—Recent measurements on the absorption of 
high pitched sound in air show (1) that the absorption is several times greater than that ac- 
counted for by viscosity, heat conduction and radiation losses, and (2) that the absorption 
decreases as the amount of water vapor in the air increases, By making reverberation measure- 
ments in two rooms which have the same boundary material (painted concrete) but different 
“mean free paths,” it is possible to eliminate the surface absorption, and thus determine the 
absorption in the air only. Measurements obtained to date, both in the two room experiments 
and in the free atmosphere, indicate that at a frequency of 4096 cycles, for example, the at- 
tenuation constant at 21°C and 20% relative humidity is about 0.00009 and at 70% relative hu- 
midity is about 0.00005 C.G.S. units. In a mixture of air and CO, (4% by volume) there was 
evidence of a slight increase in absorption owing to the presence of CO». The data have a bear- 
ing upon problems in sound signaling and in architectural acoustics, and may have a bearing 
upon the absorption of energy within the molecule. 


87. The flow of gases through porous materials. H. G. Botser AnD M. Muskat, Gulf 
Research Laboratory, Pittsburgh, Pa.—An experimental study has been made to establish 
quantitatively the characteristics of and laws governing the flow of gases through consolidated 
and unconsolidated porous materials of fine texture. Experiments were performed with columns 
of glass beads, homogeneous and heterogeneous unconsolidated sands, as well as with samples 
of actual sandstones. With the sandstones linear flows were made both perpendicular and paral- 
lel to the bedding plane. Radial flows through annular sections of the sandstone were also made. 
In all cases it was found that the gradient of the squares of the pressures is proportional to a 
power of the mass velocity. In the various cases the exponent was found to lie between the 
limits 1 and 2 corresponding respectively to completely viscous and completely turbulent flow 
in straight cylindrical tubes. For a given sand however it remains fairly constant over a con- 
siderable range in the mass velocity. On the basis of these results a theory was developed for 
the production from and pressure decline in a closed sand reservoir of uniform thickness pro- 
ducing into a well under conditions of radial two-dimensional flow. The theoretical predictions 
check qualitatively with the limited field data that are available. 


88. Molecular flow and the formation of beams. A. Etter, State University of Iowa. 
—The streaming of air at low pressure through short circular tubes is shown to give rise to 
an angular distribution of the molecules emerging from the tube in fair agreement with the cal- 
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culations of P. Clausing (Zeits. f. Physik 66, 471, 1930). Measurements were made by means 
of a Pirani gauge. 


89. The Brownian motion of strings and elastic rods. G. A. VAN LEAR, JR., AND G. E. 
UHLENBECK, University of Michigan.—The method introduced by Ornstein is applied to cal- 
culate the Brownian-motion mean-square deviation for strings and for elastic rods, the sur- 
rounding medium being a gas. For the string, a varying tension and elastic binding at the ends 
are supposed, and a formula is obtained for the mean-square deviation of any point at time ¢, 
having started with a given deviation of that point; the result contains infinite series. This 
result is specialized to: (1) the string with fixed ends and constant tension, and (2) the string 
hanging under gravity. In case (1), for the mid-point, and for a limited time interval, the series 
are summed; for t— ~, the result is given for all points, agreeing with that given by Ornstein 
for the mid-point. Elastic rods are treated similarly,and similar results are obtained. The effect 
of gravity, when the rod is vertical, is introduced by a simple and consequent perturbation 
method, and a formula is obtained for the mean-square deviation of the lower end; this agrees 
closely with Houdijk’s experimental results. The time dependence given by the complete for- 
mula cannot yet be tested, for Houdijk gives only limiting values in his publication. 


90. Pirani gauge applied to the measurement of small pressure changes. R. M. ZABEL 
AND A. ELLert, State University of Iowa.—The application of the Pirani gauge to the measure- 
ment of small pressure changes is discussed. Both nickel and tungsten wires are used as fila- 
ments in the gauge. Nickel wire not only has the greater sensitivity but possesses several other 
advantages. The theory of the gauge is developed so that it is possible to predict the affect of 
change in length or diameter of the.gauge wire upon the sensitivity of the gauge. To obtain 
maximum sensitivity the wire should be made as long as convenient and its diameter adjusted 
so that its resistance is approximately equal to the resistance of the galvanometer. Both theory 
and experiment indicate that the sensitivity of the gauge is increased by increasing the area of 
the wire or by decreasing the temperature of the walls of the gauge. The theory also predicts 
that there is an optimum temperature to which the wire should be heated for maximum sen- 
sitivity of the gauge. The observed and computed values of the optimum temperature are com- 
pared. The maximum sensitivity attained is a galvanometer deflection of 1 mm for a pressure 
change of air equivalent to 5+1X10-°mm of mercury. 


91. Application of transient network theory to gas flow in vacuum systems. DoNnALp S. 
Bonp, University of Chicago. (Introduced by Harvey B. Lemon.)—With complex vacuum systems 
employing connecting tubing of only moderate diameter, the instantaneous pressure at any 
point may be calculated with considerable simplicity by employing the electrical analogy. 
Resistance is defined (by Knudsen’s equation) in terms of tube dimensions; capacity (both 
lumped and distributed), in terms of volume. The network which simulates the most general 
type of closed vacuum system consists of » T-mesh circuits with resistance and capacity only. 
The solution of the x mesh equations gives the potential drop (or pressure) across each capacity 
of the form e; = a;x exp(—d,t). The solution can be carried out numerically for any number 
of meshes. Using curves of this form, which check with experiment at low pressures, it has been 
possible to correct McLeod and ionization manometer readings to give true pressures at any 
part of the system. These have been used in the evaluation of true pump speeds. The agree- 
ment has given a check on the region over which Knudsen’s low-pressure equation is valid. 


92. Time-pressure characteristics of some diffusion and molecular pumps. PETER J. 
Mitts, University of Chicago. (Introduced by Harvey B. Lemon.)—Observations on various 
pumps were made of the time rate of change of pressure during the evacuation of a 4 liter volume 
and of the equilibrium pressure reached when this same 4 liter volume was leaking at a meas- 
ured rate. The high vacuum pumps included single and multistage, air and water cooled, glass 
and steel diffusion pumps; and molecular pumps. Most of the diffusion pumps were mercury 
filled but several were tested with a filling of oils of low vapor pressure. Various backing pres- 
sures were obtained from several types of force pumps. Pressures, read on a pair of McLeod 
gauges and on an ionization manometer, gave apparent speeds from which true pump speeds 
were calculated by the method outlined in the preceding abstract. 
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93. The theoretical pressure distribution on wing sections. THEODORE THEODORSEN, 
National Advisory Committee for Aeronautics, Langley Field, Virginia. (Introduced by J. S. 
Ames.)—This paper presents a simple and exact method of calculating the lift distribution on 
thin wing sections. The angle at which the flow enters the leading edge smoothly is shown to 
play an important réle in the theory, and is termed the ideal angle of attack. The lift distribu- 
tion at this particular angle, termed the “basic distribution,” is shown to be a characteristic 
property of the section. It is shown that the lift of a wing section may be considered to con- 
sist of (a) the basic distribution and (b) the additional distribution, the latter being identical 
for all sections. It is further shown that the additional lift intensity in potential flow of a non- 
compressible liquid is infinite at the leading edge, and the conclusion is made that the present 
theory of thin wing sections is applicable only at the ideal angle of attack. The theory is adapted 
to describe some of the properties of the actual or thick wing sections, and it is established that 
the essential parameter occurring in this analysis is the radius of curvature at the leading edge. 
The approximate magnitude and location of the maximum lift intensity is determined. 


94. The effect of the presence of a grid upon certain characteristics of the airflow at the 
surface of an airfoil. Merit Scott, Cornell University.—In a previous paper it was reported 
that the heat dissipation per unit area from the surface of an airfoil, as measured by resistance 
strips mounted parallel to the span and flush with the surface, is a characteristic of the airflow. 
An integral relation was set up from which it was shown that the coefficient of heat dissipa- 
tion is proportional to the velocity gradient at the surface of the airfoil and hence to the viscous 
resistance. The effect of the presence of a grid, whose position with respect to the airfoil is 
varied, upon the above mentioned characteristics, has now been observed. It is found that sys- 
tematic changes in these quantities may be followed as various parameters in the problem are 
altered. Mathematical treatment appears to be too involved for the present; but qualitative 
explanation is being attempted in terms of types of flow, the Prantl boundary layer, the Ray- 
leigh surface of separation, etc. 


95. Some examples of dimensional analysis. JAkos Kunz, University of Illinois.—The 
dimensional analysis has been applied to the following cases. (1) A solid body moves in a vis- 
cous medium, so that the motion is essentially determined by the viscosity, a characteristic 
length of the body, and the velocity, but independent of inertia, i.e., the density. The analysis 
leads to the formula F= RuvC. Stokes analysis gives C=67. For higher velocity we assume 
that the viscosity has very little influence and that on the contrary the forces are determined 
by vortices and waves mixed up, or on the density p. The analysis leads to F=v"pl?C, Jonkowski- 
Cutta found F=v*pA sin a-k for the lift of an airplane. (2) When the velocity of a projectile 
approaches that of sound, then the force depends probably on the compressibility of the me- 
dium. The force of resistance appears in the form F=pl*(v/c)"C,, where c is the velocity of 
sound. (3) In an analogous way we proceed to study the motion of a fluid in a tube under a 
pressure gradient P. For a slow laminar motion under the influence of viscosity u« we obtain 
P=(v/r?)uC, which is Poiseuille’s law. In the case of turbulent motion we obtain P=v’r—pC, 
where C is a dimensionless constant. Finally if the velocity is very large, approaching that of 
sound, P appears in the form: P=p/r(v/c)"C. 


06. The Auger effect in atomic spectra. A. G. SHENSTONE, Princeton University.—In 
most complex spectra there are two distinct series limits, the corresponding ions being of 
different structure. A term built on the ion of higher energy may be above the lower of the two 
limits. It is then possible for the atom to dissociate spontaneously into an ion plus an electron 
if there is a correct relationship between the qauntum numbers of the term and those of the 
ion and electron. The transition probabilities may be expected to be governed by rules similar 
to those which are applicable in predissociation of molecules. The effect is shown in the terms 
from the structure d°s,s in CUI. The terms are ‘D, *D, 2D and the lines due to all the com- 
ponents with J=1} or 2} are absent or extremely weak in low-pressure sources, and very diffuse 
under high pressure. The ionization transition must be to the ion d" plus a d-electron. The 
fact that the coupling is not completely Russell-Saunders accounts for the presence of the 
effect in 4D. The structure d°s, d also shows the same type of effect, but the observations are 
as yet incomplete. In Bel, the lines due to the negative term 3s2p*P are absent in the spectrum 
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from the Schuler tube but present in high-pressure sources. The negative terms of Cal should 
show the effect but there are no observations in proper sources. 


97. Intensity relations in complex spectra. GEORGE R. HARRISON AND M. H. JoHNsON, Jr., 
Massachusetts Institute of Technology, and Harvard University.—A correlation is found between 
anomalous intensities in multiplets and the presence of neighboring states having the same J 
values as the perturbed terms. This indicates that the extension of the sum rules ordinarily 
assumed, in which all lines arising from a given state are summed, is incorrect, and that all 
similar terms having identical J values and lying near one another must be summed together. 
A general quantum-mechanical proof has been found that the following rule holds: The rela- 
tive total intensity of all lines arising from transitions between all states J; and J2 in two config- 
urations is constant for any coupling. Where several configurations overlap the rule must be 
extended to include the new terms of similar J. Where relatively small departures from LS coup- 
ling exist only close-lying terms of similar J need be grouped together. Experimental verifica- 
tion is difficult as generally a large number of lines must be summed, but fragments often serve 
to test the rule. Confirmatory intensity measurements are presented which prove the interde- 
pendence of neighboring terms of common J, and it is shown that intensity anomalies are more 
sensitive indicators of departures from LS coupling than are the other anomalies associated 
with it. 


98. Electrostatic interactions in (jj) coupling. D. R. INGuis, University of Michigan.—A 
method is developed for calculating the energy of electrostatic electronic interaction for the 
various states of an atom in (jj) coupling. The largest perturbation of spin-orbit interaction 
is first taken into account by using single-electron wave functions stabilized for this interaction. 
Antisymmetric combinations of products of these form the fundamental wave functions in 
the perturbation calculation of the electrostatic interaction. The energy is expressed in terms 
of the same integrals that Slater (Phys. Rev. 34, (1293)) met in the case of (L.S) coupling, and 
one new integral. Of this latter, the angular integrations are carried out and are presented in 
tabular form. Its radial integrals are the same as those of Slater. In addition to giving interval 
relations in (jj) coupling, the results help to solve the problem of determining the levels of a 
configuration for general coupling. 


99. Many electron transitions. S. GoupsMit AND L. Groprer, University of Michigan. 
First and higher order perturbation terms of the spin-orbit and electrostatic interaction in the 
eigenfunctions of many-electron configurations explain the occurrence of many-electron tran- 
sitions. By considering which terms can occur in first order perturbation the following selec- 
tion rules were obtained. No more than three electrons can jump at a time. (a) When three 
electrons jump all can change their » by an arbitrary amount, one changes its] by +1, the 
others by 6 and e¢, 5+¢ being even. (b) When two electrons jump both can change their n 
arbitrarily, one changes its ] by 5+1, the other one by e. Breaking off the series expansion for 
1/r;; in the electrostatic interaction after the second term gives for 6 and ¢ only the values 
0, +1. The Heisenberg two-electron selection rule is therefore to be considered as a special case 
of (6). Qualitative rules have been derived to tell when many-electron transitions may be strong. 
Special selection rules were found for (j, 7) coupling. The first order terms also cause anomalies 
in the intensities of one-electron transitions. 


100. The arc spectrum of rhenium. WILLIAM F. MrecGcGers, Bureau of Standards.—The 
arc spectrum of rhenium has been photographed from 2100A in the ultraviolet to 8800A in the 
infra-red; it has more than 3,000 lines in this interval. About 25% of the lines show hyperfine 
structure of 2 to 6, or more, components. The centers of gravity of complex lines have been 
determined and are assumed to represent the effective wave-lengths for purposes of analysing 
the gross structure of the Ret spectrum. About 500 lines, including nearly all of the stronger 
ones, have been classified as combinations of terms belonging to quartet, sextet and octet 
systems. The normal state of the neutral Re atom is represented by (5d6s?)a®Sq,. Series-forming 
terms have been identified which indicate that the ionization potential is approximately 7.8 
volts. 


101. Evidence regarding the structure of the arc and spark lines of nitrogen. P.G. KRUGER 
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AND R. C. Gipss, Cornell University —Nitrogen arc (NI) lines (\’s 6484, 4151, 4109, and 4099A) 
have been excited in a liquid air cooled condenser type discharge. These lines were photo- 
graphically examined with the aid of a Fabry-Perot interferometer whose resolving power, de- 
pending on the spacing of the mirror surfaces, was 10° or better. With the resolution and dis- 
persion thus obtained, the above lines were found to be sharp and lacking in any evidence of 
structure. The total line widths have been found to be 0.015, 0.011, 0.010 and 0.010A respec- 
tively. Nitrogen spark (N IT) lines (\’s 3995, 4601, 4607, 4614, 4621, 4630, 4643, 5666, 5675. 
5679, 5686 and 5710A) have been excited in a liquid air cooled electrodeless ring discharge. 
The microphotometer curves of the interference patterns from these lines show evidence of 
structure, although the components are so near together that they have not been clearly sepa- 
rated. The tctal line widths of these lines are three or four times as large as the widths of the 
arc lines. This gives added support to the conclusion that the spark lines are definitely complex. 


102. The spectrum of Li III. H. G. GaLe anv J. B. Hoac, University of Chicago.—In 
accordance with the simple Bohr theory, the spectrum of Li III should show lines analogous 
to the Lyman series at 135.0, 113.9, 108.0, 105.5, 104.2 etc., and lines analogous to the Balmer 
series at 729.1, 540.0 Angstroms, etc. We have succeeded in photographing and measuring 
on several plates five lines of the first of these series and the first line of the second. The line 
at 135A has been measured in three orders. The first two lines of the first series were previously 
measured by Edlén and Ericson. The third, fourth and fifth lines of the first series and the first 
line of the second series have not been previously reported. The Ka line of lithium (199.26A) 
is very strong on many of the plates and has been measured in four orders. The vacuum spec- 
trograph is the same as that first used by Hoag. (Astro. Jr. LX VI, 225, 1927). An electric fur- 
nace was used at first to produce lithium vapor between metallic poles. Better success has 
been obtained recently by using poles of lithium stanide and also metallic lithium in nickel 
holders. 


103. Hyperfine structures in the first spectra of krypton and xenon. C. J. HUMPHREYs, 
Bureau of Standards, Washington, D. C.—The stronger arc lines of krypton and xenon have 
been examined for hyperfine structures. Methods of observation include the use of a Hilger 
Fabry-Perot interferometer having quartz plates of 6 cm aperture, a number of fixed étalons, 
and two quartz Lummer-Gehrke plates. The results obtained by different methods show very 
satisfactory agreement. Structures of the following lines have been measured: Krypton, 
5570.2890, 7685.2472, 8059.5053, 8104.3660, 8281.11, and 8508.8736A; Xenon, 4193.5296, 
4500.9772, 4734.1524, 8231.6348, 8409.190, and 8819.412A. No definite numerical regularities 
in the spacing of components, such as have been reported in the case of neon, have been ob- 
served, although with one exception the xenon lines showing structures are due to combinations 
with the low *P, level and the pattern consists of four components. The satellites of neon lines 
are supposed to be due to Ne isotope, 22. Krypton and xenon are reported to have 6 and 9 
isotopes respectively and the fine structure might be expected to be more complicated. The ex- 
istence of a reported satellite of the krypton line, 45570.2890A, has been confirmed. It is hoped 
that, by use of some cooling agent such as dry ice, additional structures may be resolved. 


104. On the spectra of singly ionized rubidium and caesium. OTTo LAPORTE AND GEORGE 
R. Mitter, University of Michigan.—The spectra of Rb II and Cs II were investigated by 
means of a hollow cathode tube and a hot spark in the visible and ultra-violet regions. The data 
obtained were compared with the analyses of Reinheimmer (Ann. d. Physik 71, 162, 1923) and 
Sommer (Ann. d. Physik 75, 163, 1924) respectively. The classifications of these authors were 
found to be essentially correct though lacking greatly in completeness. The present analysis 
established the configurations 4p°, 4p55s, 4p54d, 4p°5, 4p56s and 455d in Rb II and of the cor- 
responding configurations in Cs II. Spectrograms of the hollow cathode discharge of Rb II in the 
visible region are of special interest because the limit of excitation furnished by metastable 
helium falls exactly between the various levels caused by 4955), thus providing a check on the 
interpretation of the classification. The energy diagram of Cs II shows as a characteristic 
feature the decomposition of the levels of the above mentioned configurations into two distinct 
groups due to the large separation of 5p5?P of Cs III. The value of the ionizing potential of Rb 
II is 27.3 volts and that of Cs II 23.4 volts. Both values are about two volts larger than those 
given by Mohler (Phys. Rev. 28, 46, (1926)). 
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105. Term values in the arc spectrum of selenium, Se I. R. C. Gipss Anp J. E. Ruepy, 
Cornell University.—A partial analysis of the arc spectrum of selenium has been given by Runge 
and Paschen (Astrophys. Jour. 8, 70, 1898) in the region 4700-7100A, and by McLennan, Mc- 
Lay, and McLeod (Phil. Mag. 4, 486, 1927) in the region 1400-2300\. The present work is an 
extension of the data throughout the region 1300-9100\, with the classification of a number of 
new lines. It has been found possible to determine the term values of certain levels built on the 
lowest level of Se II, 4p**S3/2, and to relate them to this limit. The ionizing potential between 
the lowest level of Se I, 4p*P 2, and this limit has been computed as 9.70 volts. 


106. Series in the spectrum of Germanium II. C. W. GartLein, Cornell University. 
High excitation of the first spark spectrum of germanium, Ge II, has been obtained in a Schuler 
lamp with circulating helium gas and a quantity of metallic germanium of high purity in a 
carbon cathode. The spectrum was photographed in the region 500A to 2500A with a vacuum 
spectrograph, from 2500A to 4000A with a 75 cm focus quartz spectrograph, and from 4000A to 
9000A with a Zeiss 3 prism glass spectrograph. The series 45°4p*P% 1; —4s*nd*D. 01 has been 
obtained for values of x from 4 to 11, and five members of the series 454p7*D 1, 25 —4s*nf? F% 2, 35 
have also been obtained. From these data the series limit has been calculated to be 128,535 + 
50 cm~ above 4s*4p°P" and gives about 15. 86 volts as the second ionization potential of ger- 
manium. Many new intercombination lines have been obtained. This work confirms the assign- 
ment of the low terms made by R. J. Lang (Phys. Rev. 34, 696, (1929) ) and shows the ioni- 
zation potential to be slightly lower than the estimates of Lang and of Rao and Narayan 
(Proc. Roy. Soc. A119, 607, 1928). 


107. A study of the vanadium I iso-electronic sequence. HELEN T. GILRoy, Cornell Unt- 
versity.—A study has been made of most of the spectra in the vanadium I iso-electronic sequence 
due to the possible electronic changes between the following configurations,—3d*4s, 3d‘4p, 3d5, 
3d‘4d, 3d°4s*, 3d°4sp. Application of the regular and irregular doublet laws to this sequence 
indicates that a five-electron system, giving quartets and sextets may be added to the systems 
studied by Bowen and Millikan and Gibbs and White, all of which obey these laws. To illustrate 
the regular doublet law one Av between sextet or quartet levels has been selected from each 
electronic configuration and (Av/K)'/* calculated. The increase in (Av/K)*/* is nearly linear 
with increase in atomic number. Screening constants obtained from these same ‘doublets’ 
vary from 16.18 to 15.05 through the sequence from vanadium to cobalt. Moseley diagrams 
have been drawn for sextets and quartets from each configuration. Utilizing the values of the 
vanadium I and chromium II limits as estimated by Russell, square roots of term values 
(v)'/2 were computed and plotted against atomic number for sextets and quartets. Wherever 
the electron change did not involve a change in total quantum number A(v)!/? was found con- 
stant through the sequence to Ni VI. 


108. Possible direct reading methods for measuring the current in the electrodeless dis- 
charge. CHAs. T. Knipp, University of Iilinois.—An inductive method is described for measur- 
ing the magnetic component of the electrodeless discharge. In this the gaseous electric current 
circulating through a reentrant discharge tube was piped, so to speak, aside where it made a 
loop of one turn and then returned. A low resistance coil of one turn of heavy braid copper wire 
was placed in the maximum inductive position about this loop. Its terminals were connected to 
a radio ammeter. With this arrangement the ammeter, on excitation of the electrodeless dis- 
charge, read 3 amperes. Further, replacing the ammeter by a 5 cm bridge of No. 38 Ni wire, the 
wire instantly was fused; and, finally, an aluminum disc suspended within the loop, by a thread 
attached to its edge, and with its plane parallel to the gaseous current set itself briskly at right 
angles to same. The magnitude of these effects came as a surprise. The energy was supplied by a 
25 kv., 800 kc motor-generator set, which gave highly damped waves. 


109. Electrodeless discharge characteristics of hydrogen and nitrogen. OTTO STUHLMAN, 
JR. AND HENRY ZuRBuRG, University of North Carolina.—Electrodeless arc discharges were ob- 
tained by means of a predominant electrostatic field in a spherical bulb placed in a long solenoid 
excited by undamped high frequency oscillations. Critical minimum potentials to strike the arc 
were obtained as a function of gas pressure for frequencies between 1.5 and 4.5 million cycles. 
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The characteristics conformed closely to Pashan’s law. The critical points defined by the mini- 
mum values of X,,, and P,, for a given frequency of excitation showed that the Log (X/p)m was 
a linear function of the frequency f, between discontinuities, interpreted as critical points of 
ionization. These critical ionization points were found to be interpretatable as arising through 
successive impacts. The results show that here as in Towsend’s work at higher pressures X/p 
increases with decreases in p. XY, was found to decrease with increase in f except where the 
relation passed periodically through sharp maxima, indicating by their shapes differences in 
elasticity of impact between the two gases, nitrogen behaving like an inelastic gas and hydrogen 
like an elastic gas. Pressure-frequency relations indicated the existence of the same ionization 
discontinuities. 


110. The ionization by electron impact and extra ionization potentials of nitrogen and car- 
bon monoxide. Joun T. TATE AND P. T. Smitu, University of Minnesota.—The total positive 
ion current in nitrogen and carbon monoxide has been measured as a function of the energy 
of the impacting electrons out to 750 volts. The number of positive charges per electron per cm 
path at 1 mm pressure of Hg and 0°C was calculated. The efficiency curves for the two gases 
are almost the same and are very similar to those obtained for the inert gases (Phys. Rev. 36, 
1293 (1930) ) and Hg vapor (Phys. Rev. 37, 808 (1931) ). Nitrogen has a maximum efficiency 
of 10.25 ions at about 100 volts and carbon monoxide a maximum of 10.87 at 105 volts. Extra 
ionization potentials in nitrogen were found at 15.80 (first ionization potential), 16.01, 16.30, 
16.45, 16.55, 16.68, 16.79, 16.88, 16.96, 17.08, 17.20 and 17.44 volts. In carbon monoxide they 
were found at 14.20 (first ionization potential), 14.36, 14.49, 14.61, 14.71, 14.82, 14.91, 15.36, 
and 16.38 volts. 


111. Mobilities of Na* ions in H, as a function of time. LEONARD B. Lorn, University of 
California.—The mobilities observed for Na* ions from a Kunsman source in H2 (Phys. Rev. 36, 
152 (1930) ) lead to a study of the square wave-form oscillations used. These were shown to be 
unreliable above 5000 cycles. The previous observations were substantially confirmed with the 
square waveform tube oscillator and by commutator at low frequencies and by sinusoidal 
oscillations from two different sources and with two different approaches from 2000 to 40000 
cycles. For times of ion transit greater than 5X10~* seconds the mobility uncorrected for 
temperature was 16 cm/sec per volt /em. From 107‘ to 10~° seconds mobilities of 21 were ob- 
served. Between these times intermediate values were found depending somewhat on the purity 
of the gas. The density correction for gas temperature in the path is slightly uncertain. The 
average temperature lay between 115°C and 60°C, the best value being 80°C. The mobility 
constants for the values above are therefore 13.5 and 17.5 respectively. The normal values ob- 
served in H: from ionization processes are 8.4 cm/sec. The latter value has no significance as the 
nature of the positively charged molecular nucleus of the ion is not known. The 17.5 value 
possibly corresponds to the Na* ion, while the 13.5 cm/sec value corresponds to a Na* ion with 
an attached molecule. 


112. Evidence of energy exchanges accompanying scattering of atoms by crystals. H. A’ 
ZAHL AND A. ELLett, State University of Iowa.—The distribution of mercury atoms scattered 
from NaCl, KCl, KBr, KI has been studied by means of an ionization gauge as a function of 
angle of incidence and temperatures of scatterer and incident beam. The direction of maximum 
intensity makes an angle with the crystal normal not equal to the angle of incidence but always 
slightly less. The distribution can be well represented by A cos @+B cos m(a—@) (B=0 when 
|m(a—6) 
est for high incidence, being 16° to 4° at an angle of incidence of 70° and about 5° at 45°. The 
values of A/B, m and y depend on temperatures of crystal and beam. For rock salt at least, 
y is less (more nearly specular) the colder the crystal and hotter the beam. Since any incident 
beam gives rise to diffuse scattering (A cos @) plus directed scattering {| B cos m(a—6@) } centered 
about a line making a greater angle with the crystal surface than does the incident beam it 
follows that the scattering is accompanied by an energy exchange. 





>z/4). The departure from specular reflection y = (angle of incidence —a) is great- 


113. The dependence of reaction velocity on temperature. R. M. LANGER ANpD B. G. Cat- 
VERT, Massachusetts Institute of Technology.—In a reaction which goes according to the law 
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Ne(t) = Ne(O)e™* where \(E) is an increasing function of the energy E, and Ng(Q) is the 
number of systems in state E given by Boltzmann's Law, there are three characteristic types of 
temperature dependence. (1) For low temperatures there is a range in which the temperature 
coefficient defined by Tolman’s formula (E —E)/kT? is constant and exceedingly small. Then 
comes a region (2) where the temperature coefficient rapidly increases with temperature. For 
higher temperatures (3) the curve again flattens out and the reaction rate K which is an aver- 
age of \(£) can be expressed in the form K =(1/r)e~*/*” where r is of the order of the period 
of oscillation of the system. Enough is known about the function \(£) to show for example that 
in the case of ordinary chemical reactions the region of (3) has already set in far below room 
temperature and that 7 is of the order of 10-™ sec. For the typical radioactive processes on the 
other hand the region of (1) extends above 10° degrees. The temperature coefficient at ordinary 
temperatures is about 10° times smaller than in the chemical case so that regardless of the 
closeness of energy levels in the nucleus and even if the nucleus were in thermal equilibrium 
which is not the case until very much higher temperatures) the difference in radioactive decay 
rate between 0° absolute and ten thousand degrees would be inappreciable (AK /K <10~) 
even if there were no experimental difficulties in its determination. 


114. Improved apparatus for temperature control. E. J. WorKMAN, National Research 
Fellow, Bartol Research Foundation of the Franklin Institute-—Temperature regulators involving 
the use of a grid controlled are (thyratron) with a photoelectric cell and galvanometer light spot 
usually suffer from the effect of “hunting.” This effect is inherent in the thermal capacity of the 
heated unit and is not reduced by increasing the galvanometer sensitivity. Such effects may be 
eliminated by placing in front of the photoelectric cell a rotating diaphragm having the form of 
an Archimedes spiral [r(inches) =1+0.080]. The rotating spiral is placed in such a position 
that the light from the galvanometer mirror falls intermittently on the photoelectric cell, and 
its duration of transmission is proportional to the galvanometer deflection. With the light 
beam intercepted in this way, the photoelectric cell causes a thyratron to give pulses of current 
of duration appropriate to the conditions of balance in the galvanometer circuit. This apparatus 
reduces the temperature fluctuations by a factor of from 10 to 50 times in comparison to the 
fluctuations obtained when the stationary diaphragm is used. Applications other than temper- 
ature control are discussed. 


115. The isotopes of lithium, sodium and potassium. K. T. BAinsripGe, National Re- 
search Fellow, Bartol Research Foundation, Swarthmore, Pa.—Magnetic analysis of the positive 
rays of lithium from a spodumene source shows no change in the relative abundance of Li’ 
and Li® with temperature. This is in agreement with Aston and Morand but at variance with the 
results of Dempster, Thompson, and the similar work of Hundley. A possible explanation of 
Hundley’s results appears when the effects of space charge and the geometry of the tube are 
considered. In the present work, the ion currents were not limited by space charge, the ions 
when brought successively to the receiving slit described exactly the same path throughout, and 
the resolution was great enough to secure complete separation of the ion beams with freedom 
from background and strays. If Na®! or Na* exist at all they are present to less than 1/3000 
of Na®. No evidence is secured of K*° or K* to 1/300 to 1/1500 respectively of K*’. The presence 
of these isotopes has been predicted or suggested by Beck, Fournier, Kossel and others from 
nuclear regularities among the elements or to account for the radio-activity of potassium. The 
complete paper will appear in the Journal! of the Franklin Institute. 


116. The absorption coefficient for electrons in phosphorus and arsenic vapors. ROBERT 
B. BropE AND Metta CLARE GREEN, University of California.—The absorption of electrons 
from a beam sent through the vapor has been observed for a range of electron velocities from 1 
to 100 volts in phosphorus and from 4 to 200 volts in arsenic. In the phosphorus curve @ has a 
minimum of about 345 cm?/cm* at 2 volts, a maximum of about 380 at 4 volts, shows a definite 
decrease of slope around 16 volts and becomes about 150 at 100 volts. The actual magnitudes 
are not definite, due to uncertainties in vapor pressure data, to thermal effusion, and to transi- 
tions between yellow and red phosphorus during the measurements. No maxima or minima were 
observed in the arsenic curve. The values of a ranged from about 800 cm?/cm at 4 volts to about 
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250 at 200 volts. These values were taken using pressures from 1 to 3X10-* mm of Hg. because 
outside these limits there were consistent departures from a linear relationship between log I/I 
and pressure. At the temperatures and pressures used the molecular formulas are indicated 
by available data to be Pgand As. 


117. Neutralization and ionization of high velocity helium particles. PHitip RUDNICK, 
University of Chicago. (Introduced by A. J. Dempster.) —A low voltage hot cathode are and an 
accelerating potential were employed to produce high speed helium particles of homogeneous 
velocity corresponding to 7 to 22 kilovolts, which were then allowed to pass through helium 
gas. The equilibrium proportion of positive to neutral particles was found to increase with 
voltage in this range from 0.08 to 0.23. The mean free path for ionization of the high velocity 
neutral helium atom was found to vary approximately inversely as the square of the velocity 
from 19 X10~* cms to 6.5 X 10-4 compared with the kinetic theory mean free path of 17 X10 cm. 
This is in agreement with Riichhardt’s hydrogen canal-ray measurements but differs from the 
behaviour of @ particles where free path for change from single to double charge increases with 
the velocity. The mean free path for neutralization of the positive ions was computed to be 
1.4X10~, practically independent of the velocity. The probability of capture of electrons by a 
rays has been found to depend very strongly on the velocity, in contrast to the approximate 
independence shown by these slower helium ions. These measurements were made by the 
method of Wien, with transverse electrostatic fields, using a thermocouple to detect the rays. 


118. A method for producing high speed hydrogen ions without the use of high voltages. 
ERNEsT O. LAWRENCE AND M. STANLEY LivinGston, University of California.—A method for 
producing high speed hydrogen ions without the use of high voltages was described at the 
September meeting of the National Academy of Sciences. (Science 72, 376 (1930).) The hy- 
drogen ions are set in resonance with a high frequency oscillating voltage between two hollow 
semicircular plates in a vacuum, and are made to spiral around in semicircular paths inside 
these plates by a magnetic field. Each time the ions pass from the interior of one plate to that of 
the other they gain energy corresponding to the voltage across the plates. This method has now 
been tried out with the following results: Using a magnet with pole faces 10 cm in diameter and 
giving a field of 12,700 gauss, 80,000 volt hydrogen molecule ions have been produced using 
2000 volt high frequency oscillations on the plates. A voltage amplification (the ratio of the 
equivalent voltage of the ions produced to the high frequency voltage applied to the plates) 
of 82 has been obtained. These preliminary experiments indicate clearly that there are no 
difficulties in the way of producing one million volt ions in this manner. A larger magnet is 
under construction for this purpose. 


119. Photoelectric fatigue in cobalt. GEorGE B. Wetcu, Marshall College.—The rate of 
photoelectric fatigue in cobalt, as a function of the incident radiation, is greater when a quartz- 
to-Pyrex graded seal is used on the apparatus than it is when the quartz window is attached with 
de Khotinsky cement. Sealing a side tube containing de Khotinsky cement into the apparatus 
causes the rate of fatigue to decrease. With nitrogen in the cell, the customary fatigue effects 
were observed. These experiments were made with pressures ranging from 1077 to 10-> mm of 
mercury, using the method described by the writer (Phys. Rev. 32, 657 (1928)). Within these 
limits, an increase in pressure increases the rate of fatigue, an observation which receives some 
confirmation in experiments performed with electrolytically deposited sodium cells. An explana- 
tion is made on the basis of the “patch” theory. (Acknowledgment is made to the National Re- 
search Council and to Cornell University for material assistance in this work.) 


120. Photoelectric effect of caesium vapour. F. W. Cooke, University of Illinois.—The 
measurements reported by Mr. E. M. Little, (Physical Review 30, 109, (1927)), have been con- 
tinued with a view to explaining the difference between the results of Little and F. L. Mohler. 
No effect has been found on the long wave-length side of the critical wave-length 318.44. The 
effect isa maximum at this convergency frequency, decreases with increasing frequency, reaches 
a minimum and begins to increase again. The order of magnitude of the effect is the same as 
that of Mohler. Several disturbing effects had to be eliminated and the final effect was only ob- 
tained as a difierence between a dark current and the current due to light. at 
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121. Intensity of infrared absorption bands. Lorne A. Marureson, University of Michi- 
gan.—The intensity of absorption bands of gases in the near infrared has been determined by a 
new method. A beam of radiation of known spectral intensity is passed through the absorbing 
gas and the absorbed energy found by its resulting heat production causing a measurable ex- 
pansion of the gas. Readings for various concentrations of absorbing gas are extrapolated to 
zero concentration. From the results one may calculate the matrix component of the electric 
moment corresponding to the vibration transition causing the band and the line width of the 
individual lines. Preliminary results have been obtained with CO. 


122. Infrared absorption bands in formaldehyde vapor. I]\RoLD H. NIELSEN AND JOHN 
R. Patry, Ohio State University.—Two of the principal regions of absorption in Formaldehyde 
vapor reported earlier at 3.54 and 4.74 have been further investigated with an echellette grating 
with a spacing of 3000 lines to the inch. The region at 3.5u, earlier thought to be a band consist- 
ing of P, Q and R branches has been found under higher dispersion to consist of three overlap- 
ping bands with centers at 3.61, 3.524 and 3.37u. Two of these (3 61u and 3.374) show P, Q 
and R branches. The average spacing between lines in these bands is about 3.5 cm. The third 
band (3.524) has only one branch which constists of groups of closely spaced lines. The spacings 
between these groups is about 14.0 cm™ or about four times that of the other bands. The region 
at 4.7, is similar to those at 3.6u and 3.37 in spacing and structure. Due to better resolution in 
this region, what at 3.374 appeared as a single line here appears as a group of very closely 
spaced lines incompletely resolved. Calculations on molecular models of slight asymmetry show 
very good agreement between theory and experiment for the case where the principal moments 
of inertia have the values: 4,=2.7 107", A,y=18.0X107, A,=21.0X10~ gm-cm?. 


123. The visible and ultraviolet absorption spectra of certain amino acids and their signifi- 
cance. GLADYs A. ANSLOW AND Mary Louise Foster, Smith College. The absorption spectra 
of the acid solutions of alanine, cysteine, aspartic acid, glutaminic acid, and cystine have been 
studied from 650 to 200 mu with a rotating sector photometer. Aspartic and glutaminic acids, 
whose molecules are nearly symmetrical about the bond between the @ and 8 carbons, gave 
broad, structureless bands in the visible region with maxima at 526 and 495 mu, respectively, 
probably caused by vibration in this bond. Cystine showed a narrower band with maximum 
at 251 my, which is ascribed to vibration in the S-S bond, about which it is symmetrical. 
Continuous absorption started in all the acids between 225 and 200 mu, due to dissociation in a 
common group, the least energy being required to disseciate the heaviest molecule. The energy 
of dissociation in volts is 5.46, 5.52, 5.62, 5.75, and 6.07 for cystine, glutaminic acid, aspartic 
acid, cysteine, and alanine, respectively. This dissociation probably occurs in the carboxy] 
group, for similar compounds, lacking the amino group, give continuous spectra in the same 
region, as was also found by Ley and Hiinecke (Ber. Deut. Chem. Gesel. 59, 510, 1926). Since 
the water solutions give like spectra except for a slight shift to shorter wave-lengths, the car- 
boxyl group must be present in the same form in acid and water solutions, contrary to the 
zwitterion theory. 


124. The fundamental vibration bands ot CO. P. E. Martin anv E. F. Barker, Uni- 
versity of Michigan.—The absorption bands of CO» at 4.34 and 14.94 have been examined with 
a grating spectrometer of resolving power sufficient to separate the rotation lines. The 4.3 
band consists of positive and negative branches only, with rotation lines about 1.5 cm™! apart, 
and shows considerable convergence. The spacing is the same as in the long wave band, and is 
about twice the value obtained when estimated in the usual way from the doublet separation. 
This indicates that the molecule is linear, with the carbon atom midway between the two oxy- 
gen atoms. In the low frequency band a strong zero branch appears at 14.94, with twenty or 
more rotation lines on either side, about equally spaced. The motion associated with this band 
is one in which the carbon atom vibrates in a plane normal to the line adjoining the two oxygen 
atoms. A second harmonic band appears at 4.8u, but there is no first harmonic. Superposed upon 
the fundamental are three other bands, considerably less intense, of which two correspond to ab- 
sorption by molecules already excited to the first vibration state by thermal impacts, while the 
third is a difference band involving the inactive symmetrical vibration. The energy values for 
thfee of the vibration states associated with the lower frequency may thus be determined, and 














AMERICAN PHYSICAL SOCIETY 1709 


these yield precisely the Raman frequencies observed by Dickinson, Dillon and Rasetti, inter- 
preted as transitions of two in the vibrational quantum number which are required by the selec- 
tion rules for this isotropic vibration. 


125. The vibration spectrum of the N.O molecule. E. K. PLYLER AND E. F. BARKER, 
University of Michigan. Three very intense infrared bands which apparently correspond to the 
fundamental vibrations of the N2O molecule have been observed at wave lengths of 16.9u, 7.74 
and 4.54. All three have been resolved under high dispersion, the rotation lines in each case 


lapart. The band at 16.9 has a strong zero branch, while the other 


heing spaced about 0.8 cm 
two are of the doublet type. The three first harmonics have also been found, and the one at 8.6u 
resolved. This latter isa doublet type band although its fundamental has a zero branch. In addi- 
tion to these, five combination bands have been studied, all but one being of the doublet type. 
Several of the bands are complicated by the superposition of absorption due to molecules al- 


ready excited to the first or second vibration state for the lowest frequency. 


126. The band spectrum of germanium sulfide. C. V. Suapiro, R. C. Gipss anp J. R. 
Jounson, Cornell University —A band spectrum of germanous sulfide (GeS) has been observed 
in absorption at temperatures between 450 and 550°C, in the region 43300 to 42400. Two elec- 
tronic transitions have been observed, originating from the same normal state of the molecule. 
The equations for the band heads are: 


I. v=»,(I) + 378.2(0’ + 1/2) — 1.55(0’ + 1/2)? — 580.2(0"” + 1/2) + 3.2(0"” + 1/2)2 
Il. v= »(II) + 309.60’ + 1/2) — 1.3(0’ + 1/2)? — 580.2(0"” + 1/2) + 3.2(0”” + 1/2)? 


v’ progressions of 13 and 9 members respectively have been followed in these systems, while v’’ 
takes on values from 0 to 4. The intensity distribution is normal. There are indications of an 
isotope effect, as most of the heads are accompanied by two satellites, whose intensity is com- 
parable to that of the main head, corresponding to the fact that germanium consists chiefly of 
three isotopes. These satellites are being investigated further. Extrapolation of the vibrational 
series of the two upper levels indicates that the products of dissociation are the same for the 
two. Assuming that normal atoms are produced by dissociation from the normal state, 3.7 volts 
are obtained as the upper limit for the energy of one or both of the atoms resulting from dissoci- 
ation from the excited state of the molecule. This value is of the order of magnitude to be ex- 
pected for the (still unknown) 'So level of the basic configuration, 3s°3p*‘, of sulfur. 


127. Zeeman effect in the 2X —*S cyanogen bands. E. L. Hitt, University of Minnesota. 
Interpreting the doublet separations in the lower state of these bands as due to a molecular 
magnetization by rotation, as suggested by Kemble, preliminary calculations have been made 
of the expected widths and intensity distributions of the Zeeman patterns of some of the doub- 
lets for various strengths of the magnetic field. The results indicate that for fields of about 8500 
gauss a representative doublet such as \3796.104 —0.184 should be unobservable as two lines, 
which seems at variance with the experiments of A. Bachem (Zeits. f. Physik 3, 372 (1920)). 
For somewhat lower fields there may be complete or partial separation of the doublets. Further 
experiments are being conducted by Dr. Crawford at Harvard to determine with greater ac- 
curacy the form of the components of the doublets in the field. Assuming a suitable doublet 
separation in the upper *S state it seems possible that the rapid convergence of the predicted 
patterns might be checked, but there is at present no estimate of the magnitude of the no-field 
doubling for this state. If the experimental data seem to justify the effort, a more complete 
study of the Zeeman effect for ¥ states will be undertaken. 


128. Interpretation of the spectrum of BaF. A. HArvey (Commonwealth Fund Fellow) AND 
F. A. Jenkins, University of California.—Observed in the first order of the 21-foot grating, the 
absorption spectrum of BaF presents some 200 bands heads in the region 3600-9000A. These 
represent all of the band systems previously known in emission, and two additional ones. The 
(465.4); A, 11,630 (434.2); B, 12,260 (433.8); C, 14,040 (420.7); D, 19,990 (452.5); E, 20,190 
(454.5); F, 24,170 (504.6); G, 26,240 (501.8). The systems A+-X and B+—X, discovered in 


yy 


emission by Querbach, are evidently the components of the *Il«—*S system analogous to that in 


electronic levels, and the vibration frequencies, w;/2, (in parentheses) are as follows: X, 0 
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SrF and CaF, while the C-—Y system represents the *X«—*S system also found for these mole- 
cules. D—X and EX probably form a doublet system, which, by analogy with the Cs atom 
would involve a more excited *II level. The new systems FX and G+—X each consist of single- 
headed bands. New sequences in the )«—X and EX systems confirm Johnson's vibrational 
analysis, but Querbach’s assignments in the infra-red system are corrected in important re- 
spects. All the bands resemble closely those of the isoelectronic molecule LaQ, and here also 
the normal state must be the common lower level of all the known systems. 


129. Boron hydride bands. R. F. Paron ano G. M. Auuy, University of Illinois.—Two 
bands due to boron hydride have been photographed in the spectrum of a 110-volt d.c. are in 
hydrogen with amorphous boron contained in a nickel or copper cup as one of the electrodes. 
The bands obtained are those recently reported by W. Lochte-Holtgreven and E. S. van der 
Vleugel (Nature, Feb. 14, 1931) as the (0, 0) and (1, 1) bands of a 'Il->'S transition in BH. 
They consist of P, Q, and R branches degraded to the red. The conspicuous Q heads are at 
44331 (0, 0) and A4307 (1, 1). From the P and R branches the molecular constants obtained 
are Bo’=11.920, Bo’’=11.808, B,’=11.21, B,’’=11.44, Do’ = —0.00143, Do’’ = —0.00118, 
D,’ = —0.0017, D,’’ = —0.00145. These values indicate that the (0, 1) band should degrade 
rapidly to the violet. A careful! search on our heaviest exposures failed to give definite evidence 
of such a band. The isotope band due to ByoH was observed through the greater part of the 
P and R branches of the (0,0) band and establishes the identity of the carrier. Microphotometer 
comparisons on three plates of the intensities of the 7 best lines in the R branch gave the 
abundance ratio of By, to By as 4.86 +.15, indicating an atomic weight of 10.841 4.005, in 
good agreement with the chemical determination. 


130. A further study of the emission spectrum of CO. H. D. Smytu anp T. C. Cuow, 
Princeton University.—The analysis of the CO, bands reported at the New York meeting has 
been considerably extended. We have now found combinations between the set of vibration 
terms previously reported (vy=v9+1101.7v+1.7v°) and eight or more levels of a different elec- 
tronic state. This second set of levels seems to be made up of a double vibration set and seven 
of them can be fitted by a simple quadratic formula of the type 

v = vo + ayby + biti? + aot, + by02* + dyotiv2 
where the constants a; and a2 are of the same order of magnitude as the Raman frequencies of 
CO:. Though nearly a hundred bands have now been fitted into the scheme there remain numer- 
ous anomalies which we hope may be removed by further adjustment of the numerical con- 
stants. We are also endeavoring to get in emission the bands observed by Leifson in absorption 
and for this purpose are setting up a small fluorite vacuum spectrograph separated by a fluorite 
window from the excitation chamber previously described. 


131. Band spectrum of bismuth chloride. Pau. G. Sarer, University ef Chicago. (In- 
troduced by Robert S. Mulliken.)—A band system of BiCl in the region from about 4300 to 
5500A was excited by introducing vapor from heated BiCl; into active nitrogen. The bands are 
degrated toward longer wave-lengths. No other bands were found besides this system. The 
vibrational isotope effect showed that BiCl was the emitter. The isotope effect also served asa 
valuable aid in locating the origin of the system. The heads were measured and a vibrational 
analysis made. From the analysis an equation was obtained for the wave numbers of the BiCl® 
heads. Coefficients for an equation for the BiCl*? heads were computed from theory from those 
of the BiCl* equation. These equations are given below. 


BiCl*®: » = 21802.1 + [221.2(v’ + 3) — 308.6(0" + 


BiCl**: v 


1)] — [2.6: 4)? — 0.95(0"’ + 4)?] 
21802.1 + [216.0(v’ + 4) — 301.4(v”” + 3)] — [2.53 


+ 3 
vo’ + 4)? — 0.91(0" + 42] 
The average difference between calculated and observed frequencies was +1.7 cm~. The iso- 


topic displacement was calculated for the heads in the cases where the effect was evident, and a 
close agreement was found with corresponding observed values of the displacement. 


132. Perturbations in the helium band spectrum. G. H. Dieke, The Johns Hopkins 
University.—A large number of electronic terms of the Hez molecule is known, and therefore 
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its spectrum is especially suited to test the theory of perturbations developed mainly by 
Kronig. Two levels which lie close together perturb each other if they have: 1. The same J, 
2. The same inversion symmetry, 3. The same exchange symmetry, 4. A different by at most 
+1, 5. The same multiplicity, 6. Approximately the same internuclear distance. The ns= and 
nd> levels of the Hez molecule satisfy conditions 1. to 6. Rotational levels having the same J 
lie close together for J=17 if n=4, for J/=9 if m=5, for J=5 if n=6. [ n, total quantum num- 
ber. ] All these levels show marked perturbations which show in the spectrum by a displacement 
of the lines in question and sometimes by abnormal intensities. The two levels involved are 
shifted in opposite directions as required by the theory. There are numerous cases in which 
levels of the Hez molecule come close together which do not satisfy the above conditions. Then 
there is no trace of any perturbation. 


133. The effect of temperature upon the ultraviolet band spectrum of ozone and the struc- 
ture of this spectrum. OLIVER R. WULF AND EuGENE H. MELvin, Bureau of Chemistry and 
Soils, Washington, D. C.—The ultraviolet absorption of ozone in the region 3400 —2300A con- 
sists of a large number of bands appearing against a background of continuous absorption. The 
effect of temperature upon this spectrum has been studied over the range —78° to 250°C, A 
definite though small effect has been observed. Grossly it manifests itself as an increase in con- 
trast with decreasing temperature: Photometric results show this to be chiefly a decrease in 
absorption bet ween the band edges, all of the bands appearing to come from norma! vibrational 
levels of very low if not the lowest energy. Though somewhat diffuse, the bands tend to de- 
grade to the red. The observed influence of temperature can be explained as the decrease of in- 
tensity in the higher rotational absorption of the bands, and possibly also in the continuous 
background, with decreasing temperature. Discontinuities in the intensity relations and the 
regular spacing of certain of the bands have led to a partial vibrational analysis indicating two 
active vibrational degrees of freedom in the excited electronic state. The observed change in the 
absorption with temperature may affect somewhat the estimates which have been made of the 
amount of ozone existing in the upper atmosphere. 


134. Rotational analysis of the first negative group of oxygen (O.*) bands. Danie S. 
STEVENS, University of Chicago. (Introduced by R. S. Mulliken.)—The bands were produced by 
a hollow cathode discharge and photographed in the second order of 21-foot Rowland grating. 
The following bands were used in the analysis: 1-6; 0-6; 1-7; 0-7. As was expected these 
bands correspond to *II-*II transition like the double headed 8 bands of NO, the two molecules 
being alike in their electron configurations. The lower *II is case a as in NO. Unlike the case of 
NO, however, the upper “II is case 6. The lower “II is regular, with a doublet separation (cor- 
rected to zero rotation) of 195 cm. Each band consists of eight branches (four P and four R) 
together with some indications of four weak Q branches. This is in agreement with theory. 
Alternate levels in each A-type rotational doublet are missing in both the upper and lower ?II 
states. This is as predicted by the quantum theory of homopolar molecules, since it is known 
that the nuclear spin of the oxygen atom is zero. The constants of the molecule in the two 
electronic states are given by: B’=1.043 —0.027v’ cm™, B’’=1.583 —0.009v"’ cm™, r,’=1.41 
10-8 cm, 7." =1.15 X 10-8 cm. 


135. Electronic energy levels of neutrai and ionized oxygen. RoBeRT S. MULLIKEN, 
University of Chicago.—The normal state of O2 is known to be a *S,~, probably corresponding 
to an electron configuration - - - 3do*2px‘3dx* hereafter called A. The upper state of the Schu- 
mann-Runge bands isa *,~ probably derived (Herzberg) from - - - 3de?2px°3dr3, hereafter 
called B, Configuration A should also give two metastable levels 'A, and '=,*, and B a set of 
metastable levels *A,, ‘Au, *Z,*, 'S,*, and one non-metastable level '5,~. The upper level of the 
atmospheric bands, previously identified as the metastable 'Z ,*, is more probably the 'Z,,~. If it 
were 'D,*, the bands would be an intersystem quadrupole transition and probably much weaker 
than they are. (That ‘2, of B should be below *2,,~, as here assumed, is indicated by considera- 
tion of the wave-functions.) The numerous bands observed by McLennan and others in liquid 
oxygen probably represent transitions to various metastable levels mentioned above. Or possi- 
bly some of these and the 'S,~ may belong to some other configuration, e.g. 3do*2px'3dx3 pr. 
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The normal and excited *II states of O,* (cf. preceding abstract) probably result from the re- 
spective removal of a 3dz or a 2px electron from A. Existing data on O, and O,* bands indicate 
11.7 volts as the most probable value of the minimum ionizing potential of O2. 


136. Magnetic rotation spectrum and heat of dissociation of Li.. F. W. Loomis anp R. E. 
NussauM, University of Illinots.—The green magnetic rotation spectrum has been obtained 
from lithium contained in a nickel tube which was heated to about 1200°C by a low voltage 
stepped-down current. The tube was mounted in a solenoid which produced a field of 1300 
gauss. The phenomenon can be seen in greater detail than in the previously studied spectra of 
Na; and K;. In addition to the strong line at the head of each band caused by the piling up of 
the R branch lines, one can see the first few lines of the P branches of the strongest bands. 
Bands due to the lighter isotope are also visible. The spectrum extends to much higher values 
of v’ and v’’ than Wurm or Harvey and Jenkins report in absorption. It has consequently been 
possible to deduce a much improved value for the heat of dissociation. The frequencies of the 
magnetic rotation lines are represented by the following formula: 


= 20398.4 + (266.900 — 2.8400’? — 0.06370’) 
— (349.000 — 2.605v’"? — 0.00970’"3). 


The heat of dissociation deduced by extrapolation of the upper set of levels with a slight cor- 
rection, due to the deviation of the highest observed levels from the formula, is 1.14 volts. 
Since the upper levels have been followed to within 0.1 volt of convergence this figure can hardly 
be in error by more than about 0.03 volt. 


137. Valence forces in lithium and beryllium. J. H. BARTLETT, JR., AND W. H. Furry, 
University of Illinots—By methods similar to those used by Heitler and London, an investiga- 
tion has been made of the interaction of two normal lithium atoms, and also of the interaction 
of two normal beryllium atoms. In the first case, two states, one attractive and the other 
repulsive, are possible for the molecule. The influence of the K shells has been neglected, and a 
nodeless wave function such as used by Guillemin and Zener (Zeits. f. Physik 61, 199 (1930)) 
has been employed. The heat of dissociation of Lie is calculated to be 1.12 volts and the equi- 
librium internuclear distance to be 2.4A as against the experimental values of 1.14 volts 
(Loomis and Nusbaum, unpublished) and 2.67A, respectively (Harvey and Jenkins, Phys. Rev. 
35, 789 (1930)). No stable state is possible when two normal beryllium atoms interact with each 
other. A study is being made to ascertain under what conditions stable beryllium molecules will 
be formed. 


138. Evidence against the existence of a chlorine isotope of mass 39. MuriEL ASHLEY 
AND F. A. JENKINS, University of California.—From results on the infrared spectrum of HCl, 
Becker (Zeits. f. Physik 59, 601 (1930)) concluded that Cl*® exists in small amounts, in addition 
to Cl® and Cl*’. A favorable opportunity for confirming this result is found in the ultraviolet 
absorption bands of AgCl analysed by Brice. The region adjacent to the AgCl*’ head of the 
0.1 band is exceptionally free from structure, and the AgCl*® head should appear at high vapor 
densities, if this isotope exists. The bands have been photographed with the 21-foot grating, 
using various vapor densities, from that at which the first appreciable absorption of the AgCl*” 
head begins (550°C), to that for practically continuous absorption (850°). No trace of the 
predicted band was found. Using the vapor pressure data of Vartenberg and Bosse, the den- 
sities at the above temperatures are in the ratio 1/1000, and hence Cl** cannot be present to a 
greater extent than 1/1000 of Cl*’, or 1/4200 of the whole. Similar investigations of the AgBr 
and AgI bands show that none of the elements involved possess heavier isotopes in quantities 
detectable by this method. For AgBr, the vapor pressure data of Jellinek and Rudat yield 
1/2500 as the upper limit for a Br isotope of mass greater than 81. 


139. The \3360 band of NH. R. W. B. PEARSE, Commonwealth Research Fellow, University 
of California.—The band at \3360 emitted by the molecule NH (so-called “ammonia” band) 
has been photographed in the second order of the twenty-one foot concave grating for the pur- 
pose of remeasurement. The source used was a water-cooled discharge tube of large current 
carrying capacity containing a mixture of hydrogen and nitrogen. With the dispersion of 











AMERICAN PHYSICAL SOCIETY 1713 


1.3 A/mm which was obtained the closely crowded line structure of the central maximum of 
intensity could be to a large extent analysed into the three components of a triple Q-branch. 
The band shows the three P, three Q and three R branches appropriate to a *II-*> transition 
where the ‘II state is near Hund’s case b. The rotational term differences are obtained from these 
branches and used to evaluate the molecular constants. The improved wave-length data giving 
rise to improved values of these constants. 


140. On the resolving power of the concave grating. J. E. Mack ANp J. R. STEHN, Uni- 
versity of Wisconsin.—An expression for the resolving power of the concave grating has been 
obtained, taking into account the fourth order effect upon the phase, of the departure of the 
grating from the plane. The result is expressed in terms of the “effective width” of the grating; 
i.e., the width of plane grating which gives the same resolving power as the concave one under 
consideration. This effective width is equal to the actual width, for narrow gratings. It in- 
creases to a maximum as the width of the grating is increased, then it decreases again and oscil- 
lates about a constant value, so that there is an optimum width, depending on the radius of the 
grating p, the angle of incidence ¢, the wave-length \, and the order of the spectrum. Of special 
interest is the case of grazing incidence (which has recently become important in extreme ultra- 
violet spectroscopy), where the effective width can never be greater than 2.3[»°d cos o]4, and 
approaches a value 20 per cent less, as the width of the grating is increased. In actual cases the 
optimum width may be as small as 1 cm. 


141. Reflecting power and grating efficiency in the extreme ultraviolet. H. M. O’BRyYAN, 
The Johns Hopkins University.—By using a lightly ruled concave glass grating with a water- 
cooled vacuum spark bet ween tungsten electrodes, enough intensity has been obtained to make 
quantitative measurements of grating efficiencies and reflection coefficients for various angles 
of incidence between 1000A and 280A in a vacuum spectrograph. To obtain the reflection 
coefficients, a mirror of the substance to be examined was rotated about the axis of a cylindrical 
oil-coated film on which the reflected spectra was photographed. Small gratings were inserted 
in place of the mirror with their rulings perpendicular to those of the concave grating and the 
spectra of the crossed gratings examined. Lightly ruled glass gratings, which were good at nor- 
mal incidence, gave only extremely faint spectra near grazing incidence. Glass gratings etched 
with hydrofluoric acid were of little value at normal incidence but surprisingly efficient near 
grazing incidence. A grating of the echelette type, with the angle bet ween the incident light and 
reflecting face of the groove made small enough to utilize the increased reflecting power at small 
angles will be the most efficient grating for the extreme ultraviolet and soft x-ray regions. The 
etched glass gratings approximate an echelette with a wide V-shaped groove. 


142. Three methods of studying capillary structure as applied to wood. ALFRED J. STAMM, 
Chemist Forest Products Laboratory, U. S. Department of Agriculture-—Three different physical 
methods for studying the capillary structure of porous materials are developed and applied to 
the study of the fine effective continuous capillary structure of wood. The three characteristic 
capillary properties measured are, (1) the ratio of effective capillary cross-section to the effective 
length, (2) the average effective capillary radius, and (3) the maximum effective capillary 
radius. Some of the important characteristics of the porous structure of wood are briefly pre- 
sented in order to show that the major part of the void structure, the fiber cavities, have very 
little to do with the permeability of wood. The pores in the pit membranes which connect the 
adjacent fiber cavities are shown to be the structure effective in controlling permeability of 
wood. These pores in the pit membranes in general, are below microscopic visibility, thus neces- 
sitating other means of study. 

The ratio of the effective capillary cross-section to the effective capillary length is deter- 
mined from electrical resistance measurements of strong salt solutions filling the void structure 
and from the specific resistance of the salt solutions in bulk. Strong salt solutions are used in 
order to make the surface conductivity negligible as well as the conductivity of the swollen cell 
wall. The average effective capillary radius is determined by combining the results of the 
preceding measurements with results obtained from hydrostatic flow studies of a continuous 
water phase extending through the section. Poiseuille’s law is used for the calculations. A 
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differential pressure drop apparatus was devised for these measurements in which the flow of 
liquid through a standard capillary tube and the test specimen connected in series is determined 
by measuring the pressure drop through each. The maximum effective capillary radius is deter- 
mined by measuring the gas pressure required to overcome the effect of the surface tension of 
water in the capillary systems. The data show the large differences between the fine capillary 
structure of heartwood and of sapwood. 


143. The electric conductivity and dielectric constant of disperse systems. HUGO FRICKE, 
The Biological Laboratory, Cold Spring Harbor, Long Island.—This report refers in particular to 
suspensions of biological cells. The interior of a biological cell is a well conducting salt solution, 
but at its surface polarization or the presence of a non-conducting membrane obstructs the 
passage of an electric current with a resulting low conductivity and high dielectric constant of 
the suspension. The theory for the passage of an alternating current through a suspension of 
this type is dealt with and experimental work with various kinds of suspensions such as cream, 
wet sand, blood, and animal tissues, is described to show the applicability of the theory. The 
determination of the volume concentration of suspensions, of the form factor of the suspended 
particles, of the thickness of surface membranes, and of the interior conductivity of living cells 
are instances of practical applications. 


144. Three component emulsions. P. G. Nuttine, Ul’. S. Geological Survey.—A quartz 
sand grain, wet with water, tends to cling to oil but tends to remain on the water side of an 
interface. A glass plate, such as a microscope cover glass, may readily be floated on water if the 
water is first covered with gasoline. Muddy water, shaken with gasoline, is cleared, the par- 
ticles of silt collecting in a tough skin at the interface. Muddy gasoline shaken with clear water 
gives the same result. Emulsions form whenever a dielectric fluid (air or an insulating oil), solid 
particles and a second fluid containing OH (water, alcohol, glycerine, linseed oil) are thor- 
oughly mixed and allowed to stand. Two components give solutions and suspensions but never 
emulsions. The solid particles are supposed to adsorb OH ions on one side thereby acquiring an 
induced charge on the other which clings to the dielectric. 


145. The electric mobility of proteins. Haro_p A. ABRAMsoN, Harvard University.— 
I. The electric mobility of microscopic quartz particles covered with egg and serum albumins 
(crystallized 3X) is, between PH =3.5 to 5.5 (1) equal to the mobility of the dissolved protein 
molecules, and (2) proportional to the combining power of the proteins for acids and bases. 
This indicates that the amino and carboxy] groups of the adsorbed protein molecules are practi- 
cally all oriented toward the aqueous phase. The method of mobilities, therefore, is a valuable 
means of studying the orientation of polar molecules at solid-liquid and liquid-liquid phase 
boundaries. This is further demonstrated by the behavior of crystals of tyrosine, cystine and 
aspartic acid. The electric mobilities of these particles indicate that the ampholytic nature of 
these substances is not simply responsible for the values of mobility. All these crystals are 
negatively charged at the isoelectric point calculated from the dissociation constants. All three 
have an isoelectric point at about pH =2.4, with reversal of sign in more acid solutions. The 
mobilities of the amino-acid crystals are, therefore, somewhat like those of inert surfaces, 
differing however in important respects, It seems likely that the amino and carboxyl groups 
at the surface of the crystal are not oriented toward the liquid. 

II. The change in electric mobility of egg albumin with pH is proportional to the change 
in specific rotation. A method is available, therefore, for the comparison of change in potential 
with change in the rotation of the plane of polarized light. 


146. The application of the ultracentrifuge to some colloid physical problems. J. B 
NicHots, FE. J, duPont de Nemours & Company.—Until recently there existed no very reliable 
method for determining particle-size distribution curves of colloidal material, especially lyophi- 
lic colloids. Accordingly a study was undertaken of the conditions required for undisturbed cen- 
trifugal sedimentation of fine-grained colloids and for the accurate determination of the sedi- 
mentation-velocity and diffusion relations. The present ultracentrifuge, as developed in Sved- 
berg’s laboratory, enables us to exert a centrifugal force 100,000 times that of gravity on a 
solution and thus to determine the particle size of a great variety of colloidal material and even 
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molecular weights of complex dyes or proteins. Valuable information can be obtained on pheno- 
mena such as the interaction of particles in solution, the effect of the environment on the state of 
aggregation, and Donnan potential effects. 


147. The limitations and adaptability of ultramicroscopes to the study of colloid systems. 
L. V. Foster, Bausch and Lomb Optical Co.—Ultramicroscopes are of two distinctly different 
types. The best known is the cardioid ultramicroscope in which the illuminating portion pro- 
duces a hollow cone of large angular aperture with its apex at the object. The observing system 
is a microscope consisting of a high aperture objective of angular aperture slightly less than 
that of the hollow cone and a high power eyepiece. The other is the slit ultramicroscope. The 
illumination system in the slit ultramicroscope is perpendicular to the observing system. Both 
systems are of high numerical aperture, but no direct light can enter the observation system. 
Details of construction of both types of ultramicroscopes and their sensitiveness of adjustment 
will be discussed. Expressions for their limitations in colloid microscopy will be given. 


148. Physics in the study of pigment dispersions. F. A. SteeLe, The New Jersey Zinc Co., 
Palmerton, Pennsylvania.—The study of colloids has reached the point where many important 
contributions are coming from physicists. Even more attention from physicists will be required 
if this science is to progress as it should. A suitable dispersion of zinc oxide in kerosene has a high 
yield value and marked plastic properties. A few drops of a dispersing agent added to this 
mixture largely destroys its plastic properties and greatly increases its fluidity. It is well es- 
tablished that the dispersing agent accomplishes this result by decreasing the interfacial tension 
and thereby destroying the flocculation of the pigment. In certain cases in paints, however, 
there is reason to believe an entirely different phenomenon is responsible for yield value and 
plasticity. Much work with the tools of the physicist is indicated in the solution of this problem. 
There is much to be done in the study of solid-liquid interfacial tension, adsorption layers, 
interfacial potentials, and the di-electric properties of colloids before these problems are to be 
solved. The behavior of pigments in rubber is also discussed. 


149. Some theoretical aspects of the biological applications of physics of disperse systems. 
N. RASHEVSKY, [Westinghouse Research Laboratories, East Pittsburgh.—A review of the author's 
recent theoretical work on the properties of small liquid drops and more generally of systems 
with very large specific surface, is given. When such a system interacts chemically with the 
surrounding, in such a way, that the mass of the substances, of which the system is constituted, 
slowly increases, the system will possess, under very general conditions, properties remarkably 
similar to those found in living organisms. Thus it is found that such a system may possess a 
positive rate of growth, when its size exceeds a certain critical one. Below this critical size the 
rate of growth is negative. Such a system therefore can never be formed spontaneously, al- 
though all substances necessary for its formation may be present. Under certain very general 
conditions such a system will, under the influence of osmotic and other forces, divide into two 
halves, when reaching a certain size, each half again growing and dividing, and so forth. In 
many cases the system will possess a very definite geometrical form, which will tend to be 
restored, when the system is deformed by some external disturbance. 


150. Some colloidal properties of bentonite suspensions. H. A. AMBROSE AND A. G. 
Loomis, Mellon Institute of Industrial Research and Gulf Research Laboratory, Pittsburgh, Pa. 
A study of the swelling and gelling properties of bentonite dispersions has been made in connec- 
tion with the increasing use of this mineral for drilling oil wells. It is shown that the emulsoid 
type of colloids present responds to changes in the pH of the dispersion medium with respect 
to rate of settling, viscosity and swelling, thus behaving as a typical hydrophilic colloid. The 
curve for per cent of solid matter settled in a definite time as ordinate against the PH shows a 
maximum at the isoelectric point, with minima on each side of this point, corresponding to the 
points of maximum adsorption. As the pH is further increased or decreased flocculation begins 
with increased rate of settling. The viscosity curve is closely related to the rate of settling curve, 








1716 AMERICAN PHYSICAL SOCIETY 


showing maxima and minima corresponding to the electro-viscous effect. Maximum swelling 
occurs at approximately the point of maximum viscosity. Methods are given for controlling the 
swelling of bentonites. Relaxation curves are given for bentonite suspensions and utilized to 
explain the suspension qualities of these sols for heavy mineral dispersions, such as barite or 
amorphous silica. A few applications of bentonite sols to the drilling of oil wells are given. 


151. The theory of electrophoretic mobility. M. Mooney, United States Rubber Co., 
Passaic, New Jersey. —The Helmholtz theory of electrophoresis is modified, in the case of a 
spherical particle, to take account of ionic diffusion, ionic mobility and the motion of the water. 
The effect of these factors on the charge distribution in the double-layer and on the electro- 
phoretic mobility is calculated. The principal term in the resulting mobility formula applies to 
a sphere whose radius is infinitely greater than the mean thickness of the electric double-layer. 
It agrees with the Helmholtz mobility formula. A second term gives the first order correction 
for the curvature of the spherical surface. The Debye-Hiickel theory of electrophoresis, the 
Helmholtz theory and the modified Helmholtz theory are compared; and it is shown that the 
different value for the numerical factor in the Debye-Hiickel mobility formula results from a 
different assumption concerning the electric field in the immediate neighborhood of the particle 
when subjected to an external field. It is also argued, as a further consequence of this assump- 
tion, that the use of the Debye-H iickel formula is justified only at the other extreme in particle 
size, that is, for particles whose radii are small in comparison with the mean thickness of the 
double-layer. The experimental results of several investigators are considered in their connec- 
tion with these theoretical deductions. 


152. Wave motion and the equation of continuity. R. B. Linpsay, Brown University. 
—The motion of a compressible fluid medium slightly disturbed from equilibrium is described 
by means of the two fundamental relations between ¢, the velocity potential, and s, the con- 
densation, viz., (A), the equation of motion: ¢=—cs, and (B), the equation of continuity- 
\7°@ = —S. The elimination of either ¢ or s between (A)and (B) leads to the usual wave equation 
for propagation with velocity c. Now it is interesting that (4) focusses attention on the motion 
of a part of the medium which is considered to move as a whole (i.e., as a single particle), 
while (B) is the expression of the fact that a continuous medium is involved. Both ideas are 
thus implied in wave motion. The present paper studies several other cases where the combi- 
nation of equations of type (A) and (B) leads to the wave equation. Such are, for example: 
(a) longitudinal waves in solid rods, (b) transverse waves along a flexible string (wherein, as in 
(a), the equation of continuity appears in the guise of Hooke’s law), and (c), electromagnetic 
waves. As an allied matter of interest it is shown that equations of type (A) and (B) for a one 
dimensional continuum may be expressed in the form of generalized Hamiltonian canonical 
equations of motion where the Hamiltonian is replaced by a functional of ¢ representing the 
total energy in the medium. This further emphasizes the fundamental nature of equations of 
type (A) and (B). 


153. Diffuse scattering of x-rays by simple cubic crystals. G. E. M. JAUNCEY AND G. G. 
Harvey, Washington University, St. Louis, Mo.—The value of X in a previous paper by 
Jauncey (No. 68) has been determined for the case of a simple cubic crystal consisting of atoms 
of one kind and the formula obtained by Jauncey reduces to: S=1+(Z—1)(f"/Z*) —(F°/Z). 
There are no experimental results for a crystal consisting of atoms of one kind, but Jauncey 
and May (Phys. Rev. 23, 128 (1929)) have obtained values for the diffuse scattering of x-rays 
from a crystal of rocksalt. Assuming rocksalt to consist of atoms of atomic number (11+17)/2 
or 14, we have calculated values of f’ using values of F given by James and Firth (Proc. Roy. 
Soc. A117, 62 (1928)). These calculated values of f’ are found to be only slightly greater than 
the values of F at absolute zero. Also Jauncey (Phys. Rev. 20, 421 (1922)) has measured the 
effect of temperature on the diffuse scattering from crystals. From the above formula calcu- 
lations of the ratio of the scattering at temperatures of 568° and 290°K have been made, using 
F values given by James and Firth. The theoretical and experimental values of this ratio in 
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one case are 1.29 and 1.33 respectively, and in another case are 1.13 and 1.18, thus showing 
good agreement between theory and experiment. 


154. An experimental test of the ionization chamber method of measuring relative in- 
tensities of x-ray spectrum lines. SamuUEL K. ALLISON AND Victor J. ANDREW, University 
of Chicago.—A two-compartment ionization chamber has been constructed with the following 
properties (1) The fraction of the x-ray energy in the direct beam absorbed in the front com- 
partment could be directly measured, (2) The volume of gas from which the ionic saturation 
current was drawn was sharply defined, (3) Fluorescent radiation or photoelectrons produced 
in the chamber could not reach the walls (4) The direct beam entered and left the chamber 
through thin windows and encountered no other parts of the chamber. The relative ionization 
currents produced in methyl iodide, methyl bromide, argon, sulphur dioxide, and air by the 
a, 81, ¥1, lines of the tungsten L-series were measured and the ratios obtained after correction 
for fraction absorbed were found to vary not more than 1 per cent in the first four gases. In 
air a correction (Compton, Phil. Mag. 8, 961 (1929)) must be made for scattering; if this is 
done, ratios agreeing with the first four gases were obtained. The results give strong support 
to the following hypothesis: The saturation current obtained from a given volume of any gas 
is proportional to the power of the fraction of the x-ray beam transformed into 8-rays within 
it, providing the 8-rays come to the end of their ionising range within the volume. Similar ex- 
periments on the uranium L-series are being completed. 


155. Effects of ground faults and ground connections of the Wheatstone bridge. FRANK 
WENNER, Bureau of Standards, Washington, D. C.—The insulation outside the bridge proper 
may not be perfect, and with an alternating test current there may also be displacement cur- 
rents between the source and detector leads. Either results in ground faults and requires 
that a correction be applied to the usual bridge equation or that certain auxiliary adjustments 
be made, and usually these adjustments involve some type of ground connection. Ground 
faults in each of the source and each of the detector leads increase the number of arms of the 
bridge from 4 to 8. While the equation for the 8-arm bridge is easily determined, usually a 
part of the data required for its use are lacking. It is shown, however, that the correction to the 
usual bridge equation necessary to take account of the effect of these ground faults can in most 
cases be determined from two additional balances of the bridge. One of these is made with one 
terminal and the other with the opposite terminal of the bridge grounded. Effects of other 
types of ground faults, and the effectiveness of various adjustments and ground connections in 
reducing the magnitude of the error resulting from ground faults in case a correction is not 
applied, are considered. 


156. A new principle of sound frequency analysis. THEODORE THEODORSEN, National 
Advisory Committee for Aeronautics, Langley Field, Virginia. (Introduced by J. S. Ames.)— 
A new method of sound frequency analysis has been developed by the National Advisory Com- 
mittee for Aeronautics in connection with a study of aircraft noises. The method is based on the 
well known fact that the ohmic loss in an electrical resistance is equal to the sum of the losses 
of the harmonic components of a complex wave, except for the case in which any two compo- 
nents approach or attain vectorial identity, in which case the ohmic loss is increased by a defi- 
nite amount, even though the total current remains the same. This fact has been utilized for 
the purpose of frequency analysis by applying the unknown complex voltage and a known 
voltage of pure sine form to a common resistance. By varying the frequency of the latter 
throughout the range in question, the individual components of the former will manifest them- 
selves, both with respect to intensity as well as frequency, by changes in the temperature of the 
resistance. No difficulties exist as to distortions of any kind. The fidelity of operation depends 
solely on the quality of the associated vacuum-tube equipment. An automatic recording instru- 
ment embodying this principle is described in detail. 


157. The blackening of photographic plates by positive ions of the alkali metals. Kk. T. 
BAINBRIDGE, National Research Fellow, Bartol Research Foundation, Swarthmore, Pa.—The 
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blackening of Eastman x-ray plates has been measured as a function of the energy of the ions of 
Li, Na, K, Rb and Cs. The current density in the ion beam in the mass spectrograph was main- 
tained at 1.32 X107-§ amp, cm? for the most abundant isotope of each element. \Vith exposures 
of one minute and for a density D =0.3 the energy of the ions ranged from 1440 electron-volts 
for Cs to 850 electron volts for Li’. For a threshold density, D =0.04, the energy ranged from 
approximately 750 to 450 electron-volts for Cs and Li? respectively. A discussion is included of 
the probable mechanism of rendering a silver bromide grain developable, results with Schumann 
and Process plates, and blackening as a function of time and the intensity of the ion beams. 
The ion sources used, which are unsurpassed for steadiness, purity, and ease of manipulation, 
are described. The complete paper will appear in the Journal of the Franklin Institute. 


158. The angular distribution of photoelectrons ejected by polarized ultraviolet light in 
potassium vapor. ErNEsT O. LAWRENCE AND MILTON A. CHAFFEE, University of California 
—Light of wave-lengths in the region of 2400A selected by a monochromator and polarized by 
a pile of quartz plates illuminated a jet of potassium vapor. The lateral directions of emission 
of the photoelectrons relative to the electric vector were studied. Though the electrons were 
ejected with less than one equivalent volt velocity, the experiments were definite in establishing 
that the most probable direction of ejection is that of the electric vector and moreover that the 
angular distribution varies as the square of the cosine of the angle between the electric vector 
and the direction in question. This result is in accord with predictions of the wave mechanics 
for a spherically symmetrical atom and incidentally therefore constitutes additional evidence 
that molecules do not play an appreciable part in the observed photoionization of potassium 
vapor. 


159. A-type doubling and electron configurations in diatomic molecules. Robert S. 
MULLIKEN AND ANDREW Curisty, University of Chicago.—Van Vleck’s equations for the A-type 
doublet widths in *II states, for all intermediate coupling cases between cases a and b, have been 
found to fit excellently the data on CH, OH, SiH, CaH, ZnH, CdH, HgH, etc. (Incidentally 
this had made possible a revision of the hitherto doubtful assignment of J values for the Q» 
lines in the *II, *& bands of CaH, and has permitted identification of the *R branch.) From the 
constants of these equations and similar constants for 'II and #2 states, determined from em- 
pirical data, further confirmation of Van Vleck’s theoretical results is obtained, also interesting 
information concerning electron configurations of molecules. In this way it is found that the 
n and | values previously assigned to outer electrons in hydrides have almost the same well- 
defined significance as they would in an atom formed by uniting the H nucleus with the heavier 
nucleus. For example, in the normal (*2) and first excited (*11) state of CdH, with configurations 

- ++ Sso*5po and --: + 5se°S px, the present evidence shows that the last electron really be- 
haves like a 5p atomic electron, even though the normal (?2) state is formed with a small 
energy of formation from a normal Cd atom ( - « - 5s*, \S) and a normal H atom (1s, *S). 


160. Colloid physics in latex technology. ANDREW SzEGVARI, American Anode Inc., Akron, 
Ohio. Latex, a suspension of rubber hydrocarbon (latex particles) in an aqueous solution, flows 
from the rubber tree in an extremely unstable state. When stabilized by raising the pH with 
ammonia it may be stored and becomes available for commercial purposes. The concentration 
may then be increased by centrifuging, creaming, or evaporation until 60 percent or more is 
rubber. Rubber goods may be made directly from such stabilized latex by electrodeposition, 
coagulation, ultrafiltration, evaporation, etc. The controlling factors in the deposition processes 
are the colloid physical conditions of dispersed systems and most eminently, the electrokinetic 
characteristics. The electrodeposition of latex gives an interesting colloid physical analogy to 
electrodeposition of ionic dispersed metals. The most striking difference between these systems 
with particles of such widely varying size, is the rate of deposition. This is considerably larger 
in colloid dispersed than in ionic dispersed systems. For most technological purposes the liquid 
latex systems must be compounded with conditioning ingredients. In this compounding the 
physical properties of suspensoid-dispersed systems are again concerned. 
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161. Dirac’s spinning electron and Barnett’s gyromagnetic effect. Orro HALPERN, New 
York University. The paper contains a treatment of the influence of a constrained rotation of 
the Dirac electron which may be free or bound to a nucleus. The proper values in the rotating 
system are changed as in the old quantum theory, the sum of spin and orbital angular momen- 
tum entering instead of the orbital momentum alone. There appear small additional terms of the 
order of fine structure separation times angular velocity of rotation. 


162. On the design of high-tension condenser leads. Harry CLARK, Stanford University.— 
A condenser was built for use at 50 kv on direct current consisting of several large glass plates 
coated with tinfoil and stacked together almost in contact in air. The leads were tinfoil strips 
1 inch wide. Although each plate withstood a long test at 80 kv, the assembly sparked over at 
50 kv. The discharge occurred opposite a lead where the minimum spark-length was 9 inches 
and was caused by the inductive effect of the lead and proximity of the plates. The defect was 
remedied without separating the plates by using leads of thick wire so bent as to cross the mar- 
gin of the plate at a 30-degree angle. This apparently causes the leakage along the glass oppo- 
site the lead to proceed as a very long narrow salient with a smaller potential-gradient. 


163. Air-cooled electromagnet for Zeeman effect. |. WALERSTEIN AND A. I. May (D. E. 
Ross Research Fellow), Purdue University. (Introduced by K. Lark-Horowtiz).—An air-cooled 
electromagnet for work in Zeeman effect has been constructed due to lack of a “soft” water sup- 
ply for cooling. The pattern of the instrument follows the Boas type, but includes a number of 
improvements. The yoke is made of a wider cross section, thus eliminating the narrowing of the 
pole gap upon application of the field. The current is carried by 2000 turns of flat bare copper 
ribbon wound in 24 pancake coils which are cooled by a forced draft of air circulated between 
the coils by a fan. Temperature equilibrium is reached throughout the instrument in less than 
an hour, and in half an heur in the pole-gap where the temperature rise is about 5°C for an in- 
ducing current of 20 amps. Using ferro-cobalt pole caps with pole face of 8 mm diameter fields 
of 39500 gauss and 43500 gauss were obtained respectively for gaps of 4 mm and 2.4 mm witha 
current of 25 amps. For a gap of 1 mm and a current of 33 amps a field of 48500 gauss was 
reached. Zeeman patterns were produced corresponding to nearly full strength of the magnetic 
field with no loss in sharpness, due to thermal fluctuations even during the first hour of applica- 
tion of the field. 
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Oscillations in the glow discharge in argon, G, W. 
Fox—815; T. C. Chow —574, 1020(A) 
Discharge of electricity in high vacua (see Thermi- 
onic emission, High voltage tubes) 
Dissociation 
Of excited iodine molecules, L. A. Turner, E. W. 
Samson —1684(A) 
Of water vapor in electrical discharge, E. G. 
Linder —1677( A) 
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Dissociation, heat of (see also Spectra, molecular) 


Of Lis, F. W. Loomis, R. E. Nusbaum —1712(A); 
J. H. Bartlett, W. H. Furry—1712(A) 
From predissociation spectra, L. A. Turner— 


1014(A) 
Of zinc, cadmium, and mercury molecules, J. G. 
Winans—107(A), 897, 902, erratum, 1371 
Doppler effect 
In hydrogen canal rays, H. F. Batho, A. J. Demp- 
ster—100(A) 
Dynamics (see also Mechanics, quantum) 
Vibrations of a loaded string, R. B. Lindsay— 
1682(A) 
Wave motion and the equation of continuity, R. 
B. Lindsay—1716(A) 
Efficiency of ionization 
Mercury vapor. P. T. Smith—808 
N2and CO, J. T. Tate, P. T. Smith 
Elasticity 
Coefficient of restitution, L. J. Briggs—1683(A) 
Columns with variable end restraints, L. B. 
Tuckerman, Wm. R. Osgood—1683(A) 
Determination of principal stresses from crossed 
nicol observations, R. V. Baud—111(A) 
Of rubber, W. W. Stifler, P. C. Mitchell—1683(A) 
X-ray measurements of the elastic deformation, 
W. P. Jesse—1017(A) 
Electrical conductivity and resistance 
Of Bi in alternating magnetic fields, W. W. Macal- 
pine—624 
Of bismuth single crystals grown in magnetic 
fields, A. Goetz, A. B. Focke—1044 
Changes, due to magnetism and hardness, S. R. 
Williams, R. A. Sanderson—309 
Of contacts, J. Frenkel—102(A) 
Of disperse systems, H. Fricke—1714(A) 
Hall effect and resistance, F. W. Warburton, J. W. 
Todd—775(L) 
High resistances made from metallic oxides, E. R. 
Mann, D. R. Morey—1692(A) 
Of insulating oils, K. F. Herzfeld—287 
Of Niand Fe wires in magnetic field, O. Stierstadt 
—1356 
Of oxide cathodes, N. H. Williams, W. S. Hux- 
ford—463(A) 
Potential due to a buried sphere, J. H. Webb—292 
Resistance-temperature law for oxides, J. A. 
Osteen—1691(A) 
Specific resistances of Zn single crystals, E. P. T. 
Tyndall, A. G. Hoyem—101(A) 
Electrical circuits 
Ground faults and ground connections of the 
Wheatstone bridge, F. Wenner—1717(A) 


1705(A) 
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Group theory, applied to, N. Howitt—1015(A), 
1583 
Linear time scale for voltage, C. K. Stedman— 
474(A) 
Mutual impedance of grounded wires, ]. Riorden, 
E. D. Sunde—1369(L) 
Non-linear circuits, C. G, Suits—462(A) 
Wave form of pulsating D.C., W. B. Notting- 
ham—1690(A) 
Electrical oscillations and waves 
Effect of meteors on Heaviside layer A. M. Skellett 
—1668(L) 
Frequency and damping of resonating circuits, J. 
T. Tykociner—461(A) 
Position of the moon in the observer's sky and 
radio reception, H. T. Stetson—1021(A) 
Travelling striations in an argon discharge tube, 
T. C. Chow—574, 1020(A) G. W. Fox, 815. 
Electrical moment, (see Dielectric constant) 
Electrodeless discharge 
Current in, C. T. Knipp—1704(A) 
Decomposition of organic vapors, D. M. Gans, 
W. D. Harkins—107(A) 
Frequency variations, J. T. Tykociner, J. Kunz 
—100(A) 
In H; and No, O. Stuhlman, Jr., H. ZurBurg— 
1704(A) 
In mercury vapor, H. Smith, W. A. Lynch, N. 
Hilberry—1091 
Relative intensities of the magnetic and electro- 
static illumination components, C. T. Knipp— 
756, 1020(A) 
Electrolytic cells 
Electro-motive force of paraffin membranes, K. 
Lark-Horovitz, J. E. Ferguson—101(A) 
Photovoltaic effects in Grignard solutions, R. T. 
Dufford—10?(A) 
Electrons 
Capture by alpha-particles, B. 
Barnes—1368(L) 
Charge, from wave-lengths of x-rays, J. A. Bear- 
den—1210, 1694(A) 
e/m by deflection experiments, G. E. Uhlenbeck, 
L.A. Young—99(A) 
Pictorial representations of the electron cloud for 
hydrogen-like atoms, H. E. White —1416 
Electron diffraction 
By a silver crystal, H. E. Farnsworth—1017(A) 
By a single layer of atoms, M. v. Laue—53, 99(A) 
Electrons, photoelectric (see Photoelectric effect) 
Electrons, scattering 
Resolving power, effect on measurements of ab- 
sorption coefficient, R. R. Palmer—70, 101(A) 
Nuclear scattering, H. V. Neher—229(A) 


Davis, A. H. 
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Electrons, scattering (continued) 
Reflection from solid surfaces, H. V. 
655(L) 
of high velocity electrons in hydrogen, H. C. 
Wolfe—231(A), 591 
In mercury vapor, J. M. Pearson, W. N. Arnquist 
—970 
Of slow electrons in thallium vapor, R. B. Brode— 
231(A) 570 
Electrons, secondary 
From molybdenum, L. J. Haworth—93(L) 
Electrons, thermionic 
Adsorbed films on tungsten in active nitrogen, I. 
Langmuir—1006(L) 
Barium films on W, H. Nelson—1018(A) 
Dual work function, A. H. Warner—233(A) 
Fermi-Dirac statistics, space charge, R. S. 
Bartlett—959 
Origin of, from oxide-coated filaments, R. W. 
Sears, J. A. Becker —1681(A) 
Patch sizes, on a thoriated tungsten filament, L. 
B. Linford—1018(A) 
Photoelectric and thermionic properties of Rh, 
E. H. Dixon—60 
Temperature dependence of the work function, J. 
A. Becker, W. H. Brattain—462(A) 
Thermal fluctuations of surface of cathode, K. H. 
Kingdon—89(L) 
Theoretical interpretation, W. H. Brattain, J. A. 


Neher— 


Becker —1681(A) 
Time changes, E. F. Lowry, W. T. Millis— 
1019(A) 


Electro-optical effects 
Deviations from Kerr's law, J. W. Beams—781(L) 
Electro-optical shutter, F. G. Dunnington— 
1677(A) 
Kerr effect in gases, E. C. Stevenson, J. W. Beams 
—1021(A) 
Kerr effect in the infrared spectrum, L. R. Inger- 
soll—1184(L) 
Electrophoresis 
Theory of electrophoretic mobility, M. Mooney 
1716(A) 
Electrostatics 
Potential due to a buried sphere, J. H. Webb—292 
e/m 
From absolute wave-lengths of x-rays, J. A. 
Bearden—1210, 1694(A) 
Of Fe and Cu ions, L. L. Barnes,—218(L) 
Value by deflection experiments, G. E. Uhlen- 
beck, L. A. Young —99(A) 
From the Zeeman effect, J. S. Campbell, W. V. 
Houston—228(A) 
Elements 
Detection of element 85, F. Allison, E. J. Murphy, 
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E. R. Bishop, A. L. Sommer—1178(L) 
Neutron, R. M. Langer, N. Rosen—1579 
Energy states of atoms (see Spectra, atomic) 
Entropy 
Energy and entropy, T. C. Huang—1171 
Of hydrogen, W. H. Rodebush—221(L) 
Of universe, Richard C. Tolman—1639 
Errata 
Book review—1675 
Dielectric loss in a viscous, mineral, insulating oil, 
H. H. Race—1371 

Electrical state of the sun, Ross Gunn—1672(L) 

Energy of dissociation of Hg molecules, J. G. 
Winans—1371 

Hyperfine structure in ionized Bi, R. A. Fisher and 
S. Goudsmit—1674 

Magnetic susceptibility of gases. Part I, pressure 

dependence, F. Bitter—222 

Radiation of multipoles, K. F. Herzfeld—1673 
Field currents, (see Thermionic emission, High vol- 

tage tubes) 
Fine structure (see also Spectra, hyperfine structure 
and x-rays) 
Ferromagnetism, (see Magnetic properties) 
Fluorescence 
Blue-green, of Hg vapor, P. D. Foote, A. E, 
Ruark, R. L. Chenault—1685(A) 
Studied by means of a nicol, photocell, D. R. 
Morey—1686(A) 
Galvanoluminescence 
Further study, R. R. Sullivan, R. T. Dufford— 
1019(A) 
Gamma-rays (see also Radioactivity) 
Absorption coefficient of, C. S. Barrett, R. A. 
Gezelius—105(A) 
Biological effects, W. G. Whitman, M. A. Tuve 
330(L) 
Wave-length measurement, resolving power of 
spectrometer, L. T. Steadman—447(L) 
Gases (see also Kinetic theory) 
Clapeyron-Clausius equation, Extension of, J. L. 
Finck —1698(A) 

Deposition of dust on walls, W. J. Hooper—111(A) 
Energy and entropy, T. C. Huang—1171 
Equation of state of He, J. G. Kirkwood, F. G. 

Keyes —832 
Flow through porous materials, H. G. Botset, M. 

Muskat—1699(A) 

Intramolecular field and the dielectric constant, 

F.G. Keyes, J. G. Kirkwood —202 
Persistence of molecular rotation and vibration, 

O. Oldenberg —194 
Physical properties of compressed No, W. E. Dem- 

ing, L. E. Shupe—110(A), 220(L), 638 
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Gases (continued) 
van der Waals forces, H. Margenau—1014(A), 
1425, J.C. Slater, J.G. Kirkwood——682 


Gravitation 
Field produced by light, R. 
fest, B. Podolsky—602 
Group theory 
Applied to electrical circuits, N. 
A), 1583 
Heat conduction 
Diffusion problem for a solid in contact with a 
liquid, T. E. W. Schumann—1508 
Heat of dissociation, (see Dissociation, heat of) 
High voltage tubes (see also Ions, high speed) 
Cold emission from unconditioned surfaces, WW. H 
Bennett—-582 


C. Tolman, P. Ehren- 


Howitt—1015 


Experiments with high-voltage tubes, M. A. Tuve, 
L. R. Hafstad, O. Dahl—409 A) 
Problems in the design, W. H. Bennett 
Hydrodynamics 
Air resistance of high velocity projectiles, P. S. 
233(A) 
Dimensional analysis, J. Kunz 
Hyperfine structure 
Of Al lines, R. C. Gibbs, P. G. Kruger 
H. E. White—1175(L) 
Anomalies, G. Breit—1182(L) 
Of Bi Il and Bi III, R. A. Fisher, S. Goudsmit — 
1013(A) 1057; J. B. 1013(A), 1674(A). 
In Cu spectrum, A. G. Shenstone 1023(A) 
Derivation of, formulas for one-electron spectra, 
G. Breit—-51 
Interval rule and patterns of Bi II, S. Goudsmit, 
R. A. Fisher— 107(A) 
Of Li II, S. Goudsmit, D. R. Inglis —328(L) 
Of Kr and Xe spectra, C. J. Humphreys —-1703\ A) 
Hg resonance radiation, A. Ellett 216(L) S. Mro- 
zowski—845(L) 
Nuclear spin, J. H. Bartlett, Jr. 


469, A) 


Epstein 


1701: A) 


656\L), 


Green 


327(L) 


Test of a linear wave equation, D. R. Inglis —795 
Theory of separations, S. Goudsmit—663, 
1014(A) 
Of x-ray spectral lines, F. K. Richtmyer, S. W. 
Barnes—1695(A) 
Zeeman effect of Tl II and III, R. F. Bacher 
220(A) 
Instruments (see Methods and instruments) 
Insulators 
Dust figures in liquid insulator, Y. Toriyama 
619 
Intensities in spectra 
Band spectrum intensities for symmetrical di- 


atomic molecules. II, E. Hutchisson—45 
8 and y band systems of nitric oxide, O. R. Wulf, 


E. J. Jones—471/(A) 
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Effect of Hz on spectra of Zn, Cd and Hg, J. G. 
Black, W. G. Nash—468(A) 

Of He with voltage, J. Razek—1252 

Intensity data from Laue photographs, M. L. 
Huggins —456 

Of Hg, M. J. E. Golay—821, E. W. McAlister — 
1021(A) 

Relations in complex spectra, G. R. Harrison, M. 
H. Johnson, Jr. -1702(A) 

Of Mn, R.S. Seward—3444 
Ionization by impact 

A, Ne and He by various alkali ions, R. M. Sut- 

ton, J. C. Mouzon—229(A), 379 

Of Hz by positive ions, M. E. Hufford—468(A) 

ultra-ionization potentials, W. M. 
Nielsen—87(L); C. R. Haupt—229(A); P. T. 
Smith—100(A), 808 

Of N. and CO, J. T. Tate, P. T. Smith—1705(A) 

Velocities of ions formed in No, W. W. Lozier— 

101(A) 

Ionization potentials (see also Ionization by impact) 

Of Hg vapor, W. M. Nielsen—87(L) 

Of O2, R.S. Mulliken—1711(A) 

Of Sc I, R. C. Gibbs, J. E. Ruedy—1704 A) 

Ultra-ionization in Hg vapor, C. R. Haupt,— 

229(A); W. M. Nielsen—87(L) P. T. Smith— 
100(A), 808 
Of N: and CO, J. T. Tate, P. T. Smith—1705(A) 
Of Xe II, C. J. Humphreys, T. L. de Bruin, W. F. 
Meggers —106(A) 

Ions, high speed 

Experiments with high-voltage tubes, M. A. Tuve, 

L. R. Hafstad, O. Dahl —469(A) 

Ions without the use of high voltages, E. O. 
Livingston—1707(A), E. O. 
231(A) 

Problems in the design of high voltage tubes, W. 

H. Bennett—+409(A) 

Ions in gases 

Coefficient 

Bradbury 


Hg vapor, 


Lawrence, M. S. 
Lawrence, D. H. Sloan 


of recombination, O. Luhr, N. E. 
998 

Neutralization and ionization of high velocity 
Rudnick—1707(A) 
Residual ionization in air at high pressures, J. W. 
468(A), 1320 


helium particles, P. 


Broxon 
Ions, mobility 
Aged ions in air, N. E. Bradbury—230(A), 1311 
Electric mobility of proteins, H. A. Abramson 
1714(A) 
Electrons in argon, H. B. Wahlin—101(A), 260 
287 
1705(A) 


In insulating oils, K. F. Herzfeld 

Of Na? ions in He, L. B. Loeb 
Isotopes 

Absorption bands of atmospheric oxygen, H. D. 


Babcock, W. P. Hoge—227(A) 
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Isotopes (continued) 
Be® from band spectra measurements, W. W. 
Watson, A. E. Parker—167 
Of Cl, mass 39, negative evidence, M. Ashley, F. 
A. Jenkins—1712(A) 
Of Li, Na and K, K. T. Bainbridge—1706(A) 
Mass defects, R. T. Birge—841(L) 
Masses of O17, H. C. Urey —923, 1023(A), Wm. D. 
Harkins; D. M. Gans—1671(L) 
Mass ratio of oxygen 18 and 16, H. D. Babcock, 
R. T. Birge—233(A) 
Mass ratios from band spectra, R. T. Birge— 
227(A) 
Neutron, R. M. Langer, N. Rosen—1579 
Of O, relative abundance, R.T. Birge,D.H. Menzel 
—1669(L) 
Principle of continuity and regularity of series of 
atom nuclei, W. D. Harkins—1180(L) 
Joule-Thomson effect 
In He, J. R. Roebuck, H. Osterberg 
Kerr effect (see Electro-optical effects) 
Kinetic theory of gases (see also Gases) 
Characteristics of some diffusion pumps, P. J. 
Mills—1700(A) 
Molecular velocities, direct measurement, I. F. 
Zartman—383 


110(A) 


Gas glow in vacuum systems, D. S. Bond 
1700( A) 
Life of excited states 
Direct measurement of 7, H. D. Koenig, A. Ellett 
1685( A) 
For 2733A of ionized He, L. R. Maxwell —1685(A) 
Of the Hg line \2537, P. H. Garrett, H. W. Webb 
1686: A) 
Of the Ne molecule in first state, M. L. Pool— 
1686(A) 
Liquids (see also Hydrodynamics) 
Flow through porous mediums, L. A. Richards— 
461(A) 
Mechanics of effervescence, C. J. Craven, O. 
Stuhlman, Jr.—1699\ A) 
Molecular association, nature of, G. W. Stewart 
9 
Structure factor, by x-rays, G. W. Stewart, R. D. 
Spangler—472(A) 
Water, x-ray diffraction and molecular association, 
G. W.Stewart— 9 
Magnetic properties 
Block structure,F. Bitter —91(L),1176(L), 1679 \) 
Crystals at low temperature, C. Li —1680( A) 
Cu-Ni alloys, E. H. Williams —1681( A) 
Fundamental assumptions, ferromagnetism, F. 
Bitter—1175(L) 


Hall etfect and resistance, F.W. Warburton, J.W. 


Todd—775(L) 


Heating and residual magnetism R. L. Sanford 
—1680(A) 
Impurities in metals, F. Bitter—1015(A), 1527 
Magnetic lag at low flux densities, L. W. Mc- 
Keehan—1015(A) 
Magnetostriction measurements, A. B. Bryan, C. 
W. Heaps—466(A) 
Magnetic doublet, nature of, G. W. Stewart— 
455(A) 
Propagation of large Barkhausen discontinuities, 
K. J. Sixtus, L. Tonks—930 
Resistance of Bi in alternating magnetic fields, W. 
W. Macalpine—624 
Resistance of Ni and Fe wires in longitudinal mag- 
netic fields, O. Stierstadt—1356 
And strain of Ag and Cu, H. E. Banta—634 
Susceptibilities and ionic moments in the Pd and 
Pt groups, A. N. Guthrie, L. T. Bourland—303 
Susceptibilities of salts of the Fe group, J. H. Van 
Vleck—467(A) 
Susceptibilities of some binary alloys, F. L. 
Meara—467(A) 
Susceptibility of gases, pressure dependence, er- 
ratum, F. Bitter—222 
Susceptibility, variation with temperature, A. 
Frank—467(A) 
Mass defects 
Atmospheric oxygen, H. D. Babcock, W. P. Hoge 
227(A) 
From band spectra, R. T. Birge—841(L) 
Measurements (See also Methods and instruments) 
Knowledge of past and future in quantum me- 
chanics, A. Einstein, R. C. Tolman, B. Podol- 
sky—780(L) 
Mechanics (see Dynamics) 
Mechanics, quantum-atomic structure and spectra 
Hyperfine structure as a test of a linear wave equa- 
tion, D. R. Inglis —795 
Hyperfine-structure formulas, G. Breit—51 
Hyperfine structure separations, S. Goudsmit— 
663, 1014( A) 
Pictorial representations of the electron cloud for 
hydrogen-like atoms, H. E. White—1416 
Wave-functions of the state (1s) (2s)'S, J. P. 
Vinti—448(L) 
Mechanics, quantum—general 
Collision processes involving no radiation of 
energy, P. M. Morse, E. C. G. Stueckelberg 
4491] 
Diffraction of electron waves, M. v. Laue —-53 
Dirac’s equation, tensor form, B. Podolsky— 
1398 
Directed valence in polyatomic molecules, J. C. 
Slater--459( A), 481, L. Pauling—1185(L) 
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Mechanics, quantum— general (continued 

Discrete and continuous theories in physics, A 
Ruark—315 
Of electrons in uniform 

1689, A) 

e/m by deflection experiments G. E. Uhlenbeck, 
L.A. Young —99(A) 

Interchange of energy in collisions, C 
459(A), 556 

Inverse-cube central force field, G. H. Shortley 
1014(A) 

Knowledge of past and future in quantum me- 
chanics, A. Einstein, R. C. Tolman, B. Podol- 
sky—780(L) 

Mass absorption coefficient, the A shell, Dirac rel- 
ativistic electron, L.C. Roess—455(A), 532 

Mean value theories, G. Breit—90(L) 

Neutron, R. M. Langer, N. Rosen—1579 

Orbital valency, J. H. Bartlett, Jr.—459(A), 507 

Polarizabilities, of hydrogen and helium, J. G. 


crossed fields, M. S. 


Plesset 


. Zener 


Kirkwood—459(A) 
Quantum postulates, logical relativity, W. Band 
—1164 


Resonance and exchange of excitation energy, O. 
K. Rice—1187(L), 1551(L) 
Scattering of alpha-rays, M. Muskat—473(A) 
Scattering of high velocity electrons in hydrogen, 
H. C. Wolfe—231(A), 591 
Schridinger y-function, conditions imposed on it, 
R. M. Langer, N. Rosen—658(L) 
Spinning electron and gyromagnetic effect, O. 
Halpern—1719(A) 
Uncertainty principle, A. W. Stern—1186(L) 
van der Waals forces, H. Margenau—1014(A), 
1425, J.C. Slater, J. G. Kirkwood—682 
Wave-mechanical theory of radiation, E. H. Ken- 
nard—458(A) 
Wave packets, D. G. Bourgin—1689(A) 
Mechanics, quantum—molecular structure and 
spectra 
Spectrum intensities for symmetrical diatomic 
molecules. II, E. Hutchisson—45 
Statistics of nuclei, P. Ehrenfest, J. R. Oppen- 
heimer—333 
Valence forces in Li and Be, J. H. Bartlett, Jr., 
W. H. Furry—1712(A) 
Mechanics, quantum—of solid bodies 
Electrical resistance of contacts, J. Frenkel— 
102(A) 
Problem of crystals, E. L. Hill—785 
Transformation of light into heat in solids, J. 
Frenkel—17, 459(A), 1276 
Mechanics, statistical 
Fermi-Dirac statistics, thermionic emission, R. S. 
Bartlett—959 
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Statistics of nuclei, P. Ehrenfest, J. R. Oppen- 


heimer 232(A) 
Metals 
Distribution of electricity near surface, A. T. 
Waterman —1018(A) 
Impurities in metals, F. Bitter 
Metastable atoms and molecules 
Glow discharge in mixtures of the rare gases, L. 
B. Headrick, O. S. Duffendack 
In No, J. Kaplan —2206(A) 
Negative volt ampere characteristics of Ne posi- 
tive column, C. G. Found —100(A) 
And quenching of Hg resonance radiation, O. S. 


333, J. R. Oppenheimer 


1015(A), 1527 


736 


Dutfendack—107(A) 
Meteorology 
Annual variations in magnetic storms, H. B. 
Maris —1680(A) 


Atmospheric ionization by cosmic radiation, E. 
O. Hulburt—1 

Weather forecasting, R. C. Colwell 

Methods and instruments 

Absorption of x-rays, E. Dershem, M. Schein— 
104(A) 1238 

Air-cooled electromagnet, I. 
May—1719 A) 

Airfoils, automatic generation of, D. E. Olshev- 
sky—401 


Amplification of small direct currents, L. A. Du- 


464(A) 


Walerstein, A. I. 


Bridge—392, 461(A) 
Barkhausen effect, E. J. Sixtus, L. Tonks—930 
Coefficient of restitution, L. J. Briggs —1683(A) 


Cp, Variation with pressure, E. J. Workman 1016 
(A), 1345 

Current measurement in electrodeless discharge 
C. T. Knipp—1704(A) 

Diffraction of hydrogen atoms, T. H. Johnson— 
87(L), 99(A), 847 

Diffusion pumps, Characteristics of, P. J. Mills 


1700(A) 

Direct measurement of molecular velocities, I. F. 
Zartman—383 

Electro-optical shutter, F. G. Dunni:gton —1677 
(A) 

Errors in physical measurements, E. Q. Adams 
458(A) 


Evaporation of various materia!s in vacuo, J. 
Strong, C. H. Cartwright—228(A) 

Flight, maintaining direction of, J. D. 
4604(A) 

Fluorescence studies by means of a nicol, photo- 
cell, D. R. Morey —1686(A) 

Frequency and damping of resonating circuits, J. 
Tykocinski-Tykociner—461(A) 

Galvanometer or radiometer deflections, masked 
by Brownian movement, S. Smith—229(A) 


Tear— 
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Methods and instruments (continued) 


Geiger-Miiller counter and magnetic analyser, J. 
A. Van den Akker; E. C. Watson—1631 

High dispersion in the near infrared, J. D. Hardy 

1686(A) 

High resistance made from metallic oxides, E. R. 
Mann, D. R. Morey—1692(A) 

High speed ions without the use of high voltages, 
E. O. Lawrence, D. H. Sloan—231(A), E. O. 
Lawrence, M.S. Livingston—1707(A) 

High-tension condenser leads, H. Clark—1719(A) 

He, laboratory source, G. W. Sargent, W. P. 
Davey—111(A) 

Intensity of infrared absorption bands, L. A. 
Matheson—1708(A) 

Intensity variations of the helium lines with volt- 
age, J. Razek—1252 

Ionization chamber method of measuring relative 
intensities of x-ray spectrum lines, S. K. Allison, 
V. J. Andrew—1717(A) 

Ionization in dielectrics, J. T. Tykociner, E. B. 
Paine—1690(A) 

Kundt’s tube dust figures, E. Hutchisson, F. B. 
Morgan—1155 

Latent image at low intensities, F. E. Poindexter, 
L. E. James—106(A) 

Lens for use with the concave grating, J. B. 
Green—473(A) 

Linear time scale for voltage, C. K. Stedman— 
474(A) 

Magnetic susceptibilities, companion of, L. G. 
Hector, A. N. Benson—1679(A) 

Molecular beams, measuring the intensity of, A. 
Ellett, R. M. Zabel—99(A), 1112 

Multicrystal x-ray spectrograph, J. W. M. Du- 
Mond, H. A. Kirkpatrick—136, 232(A) 

Non-linear circuits, C. G. Suits—462(A) 

Oscillating arc, E. Z. Stowell—1452 

Photoelectric cell in a magneto-optic method of 
analysis, F. Allison, J. H. Christensen, G. V. 
Waldo—1003(L) 

Photoelectric currents, D. Ramadanoff—464(A), 
884 

Photoflash lamp, W. E. Forsythe, M. A. Easley— 
466(A) 

Photographic spectro-photometry, B. O’Brien, E. 
D. O’Brien—471(A) 

Photometric study of appearance of spectra lines, 
H. V. Knorr,—1611 

Photometry in the Schumann region, G. R. Harri- 
son, P. A. Leighton—470(A) 

Pirani gauge, small changes of pressure, A. Ellett, 
R. M. Zabel—99(A), 1102, 1700(A) 

Potential in condensed discharges, Kerr cells, J.C. 
Street, J. W. Beams—1677(A) 


Projectile velocity, L. Thompson, N. Riffolt— 
1691(A) 
Raman effect, improved technique, R. W. Wood— 
1022(A) 
Reciprocity law and alpha-ray blackening, T. R. 
Wilkins, R. Wolfe—1688(A) 
Resolving power, prism spectrometer in infrared, 
J. Strong—1661 
Resonance radiometer, J. D. Hardy, S. Silverman 
—176 
Reststrahlen, region 20 to 40u, John Strong—1565 
Siegbahn x-ray vacuum spectrograph accessories, 
F.K. Richtmeyer—472(A) 
Simultaneous dispersion and refractive index, C. 
E. Bennett—263, 474(A) 
Source of + ions, blackening of photographic 
plate, K. T. Bainbridge—1718(A) 
Spark breakdown, visual study, F. G. Dunning- 
ton—230(A), 1677(A) 
Spectrograph slit irradiation, D. C. Stockbarger, 
L. Burns —920 
Speed control, F. Wenner, C. Peterson—1691(A) 
Supersonic interferometers, E. Klein, W. D. 
Hershberger—109(A), 760 
Surface tension, M. Kernaghan—990 
Temperature control improved apparatus, E. J. 
Workman—1706(A) 
Temperature-compensated millivoltmeters, H. B. 
Brooks—1692(A) 
Time lag in the formation of the latent image, L. I. 
Zimmerman—106(A) 
Velocity of sound in metal rods, L. C. Shugart— 
1683(A) 
X-ray powder diffraction, T. M. Hahn—475(A) 
Mobility of ions (see Ions, mobility) 
Molecular beams (see Atomic and molecular beams) 
Molecular structure and constants (see Spectra, 
molecular) 
Multiplets (see also Spectra, atomic) 
Separations and Zeeman effects, Sn, Pb and Sb, 
J. B. Green—469(A) 
Nucleus 
Mass of O'7, H. C. Urey—923, 1023(A) 
Nuclear abundance and stability, W. D. Harkins 
105(A) 
Nuclear spin, J. H. Bartlett, Jr.—327(L) 
Spin in Al, R. C. Gibbs, P. G. Kruger—656(L), H. 
E. White—1175(L) 
Statistics of nuclei, P. Ehrenfest, J. R. Oppen- 
heimer—333, 232(A) 
Optical constants and properties 
Dispersion of He, H. Margenau-——-1021(A) 
Dispersion and refractive index of nitrogen, C. E. 
Bennett—263, 474(A) 
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Optical constants and properties (continued) 
Effect of pressure, upon some optical properties, 
T. C. Poulter—112(A) 
Emissivites at low temperatures, Lambert's cosine 
law, E. R. Binkley —1687(A) 
Na of CS.-gasoline, L. E. Dodd 
Optical instruments 


226( A) 


Lens for use with the concave grating, J. B. Green 
473(A) 
Prism spectrometer resolving power, J. Strong 
1661 


Retlecting power and grating efficiency in the ex- 
treme ultraviolet, H. M. O’Brvan—1713(A) 
Resolving power of the concave grating, J. E. 
Mack, J. R. Stehn—1713(A) 
Transparency of sodium fluoride and lithium fluo- 
1230 
Ultramicroscopes, limitations and adaptability of, 
L..V. Foster—1715(A) 
Photoelectric effect 
Angular distribution of photoelectrons in K vapor, 
M. A. Chaffee—1233, E. O. Lawrence, M. A. 
Chaffee —1718(A) 
of Ag, outgassing and temperature effects —R. P. 


ride, in ultraviolet, E. H. Melvin 


Winch—1269 
of Au, outgassing and temperature effects, L. W. 
Morris—1263 


Of Cs vapor, F. W. Cooke—1707(A) 

Composite surfaces at various temperatures and 
potentials, D. Ramadanoff—464(A) 

And contact potential Fe and Ni, G. N. Glasoe 
102(A) 

Dual work function, A. H. Warner—233(A) 

Fatigue in Co, G. B. Welch—1707(A) 

KX on a Ag surface, J. J. Brady —230(A) 

Photographic images on cathodes of alkali metal 
photoelectric cells, A. R. Olpin, G. R. Stilwell 

473(A) 

Properties of oxide cathodes, and effect of applied 
fields, W. S. Huxford—102(A) 

Properties of Rh, E. H. Dixon —60 

Radiation from low speed electron bombardment, 
F. L. Mohler, C. 1018, 1685; A) 

Selective photoelectric effect and the selective 
transmission of electrons, A. R. Olpin—-464(A) 

Spatial distribution of photoelectrons, J. A. Van 
den Akker, E. C. Watson—-1631 

Temperature and fields, effects, of, D. Ramada- 
noff—884 

Photography 

Blackening of photographic plates by positive 
ions, K. T. Bainbridge—1718(A) 

Latent image at low intensities, F. E. Poindexter, 
L. E. James—106(A) 

Time lag in the formation of the latent image, L. I. 

-106(A) 


30eckner 


Zimmerman 
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Photometry 

Intermittent exposure, B. O’Brien, E. D. O’Brien 
—471(A) 

Photographic photometry in the Schumann re- 
gion, G. R. Harrison, P. A. Leighton—470(A) 
Variations of intensity of He lines with voltage, J. 

Razek—1252 

Photons 
Collisions of, A. K. Das—94(L) 

Plasmoidal discharges (see also Discharge of elec- 

tricity in gases) 
High frequency behavior, L. 
1458 

Piezoelectric effect 

And Laue patterns of quartz, G. W. Fox, P. H. 
Carr—1695( A), 1622 

Polar molecules 
Debye’s theory, H. 

tum—1371 

Polarization, electrical (see Dielectric constant) 

Polarization of radiation 
Hyperfine structure of Hg 2537A, A. Ellett 

L), S. Mrozowski—845(L) 
Scattered by H-atoms, B. Podolsky—231(A) 
Potentials, critical (see also Ionization potentials, 
Ionization by impact) 
lonization of A, Ne and He by + ions, R. M. Sut- 
ton, J. C. Mouzon—229(A), 379 
Mercury vapor, C. R. Haupt—229(A), W. M. 
Nielsen—87(L), P. T. Smith—100(A), 808 
Of nitrogen and carbon monoxide, J. T. Tate, P. 
T. Smith—1705(A) 
Proceedings of the American Physical Society 
Chicago Meeting, November 28 and 29, 1930—98 
Los Angeles Meeting, December 12 and 13, 1930— 
225 

Cleveland Meeting, December 30 and 31, 1930 
53 

New York Meeting, February 26-28, 1931. Joint 
Meeting with the Optical Society of America 


Tonks—1020(A), 


H. Race—430, 463(A), erra- 


216 


1010 
Washington Meeting, April 30, May 1 and 2, 
1931—1676 
Projectiles 


Air resistance, P. S. Epstein—233(A) 
Quantum mechanics (see Mechanics, quantum) 
Radiation 

Of multipoles, K. F. 

1673 


Properties of materials for region 20-404, John 


Herzfeld—253, erratum 


Strong—1565 

Quenching of mercury resonance radiation, O. 5. 
Duffendack—107(A) 

Selective temperature radiator, R. 
1087( A) 


W. Wood 





ra- 


16 


ls, 
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Radiation (continued) 
Ultraviolet energy S-1 lamps in quartz, B. T. 
Barnes—466(A) 
Radio (see Electrical oscillations and waves) 
Radioactivity 
Luminescence, theory of, D. H. Kabakjian—1120 
Raman effect 
In ammonia solutions. A. Hollaender, J. W. Wil- 
liams—1367(L) 
Asymmetry of the C and N atoms, R. T. Duf- 
ford—1013(A) 
Carbon dioxide, W. V. Houston, C. M. Lewis— 
227(A) 
In cyclopropane and the valence properties of 
some organic compounds. R. C. Yates—616 
Hydrogen halides as liquids and gases, E. O. 
Salant, A. Sandow —373 
Of hydroxyl ions, J. L. Thompson, J. R. Nielsen 
1669(L) 
Improved technique, R. W. Wood—1022(A) 
Organic halides, C. E. Cleeton, R. T. Dutford— 
362, 1013(A) 
Rotational fine structure, E. F. Barker—330(L) 
Silico-chloroform, H. C. Urey, C. A. Bradley, Jr. 
843(L) 
In sulphuric acid, R. M. Bell, W.R. Fredrickson 
1562 
Recombination 
Coefficient for gaseous ions, O. Luhr, N. E. Brad- 
bury —998 
Effect on mobility, N. E. Bradbury—230(A), 1311 
In mercury vapor. H. W. Webb, D. Sinclair 
469, A) 
Reflection of corpuscles (see Atomic and molecular 
beams) 
Relativity 
Dirac’s equation, tensor form, B. Podolsky—1398 





Entropy of the universe, Richard C. Tolman—1639 
Gravitational field produced by light, R. C. Tol- 
man, P. Ehrenfest, B. Podolsky—0o02 
Michelson-Morley-Miller experiment, N. Galli- 
Shohat—400(A) 
Projective relativity and the quantum field, B. 
Hoffman—88(L) 
Quantum postulates, logical relativity, W. Band 
1164 
Rotating fluid in the relativity theory, E. L. 
Akeley—109(A) 
Resistance, electrical (see Electrical conductivity 
and resistance) 
Scattering of electrons (see Electrons, scattering, 
Electron diffraction and Collision diameter) 
Scattering of light (see also Raman effect) 
Change of spectral composition, O. Halpern—-112 


(A) 


Polarization of light scattered by H-atoms, B. 
Podolsky—231(A) 
Selection rules 
And the angular momentum of light quanta, J. R. 
Oppenheimer—231(A) 
Shot effect 
Space charge and current fluctuations, E. W. 
Thatcher, N. H. Williams—1681(A) 
Solutions 
Particle size in solutions, W. P. Davey, H. B. De 
Vore—111(A) 
Spark discharge 
Diffusion of metallic vapor, H. A. Zinszer—217 
L) 
Fall of potential in condensed discharges, J. C. 
Street —1020(A) 
Spark breakdown, F. G. Dunnington—1677(A) 
Spectra, condensed discharges, J. W. Beams— 
470(A) 
Spectral lines in a condensed spark, H. V. Knorr— 
470(A), 1611 
Vacuum spark discharge, L. B. Snoddy—1678(A) 
Specific heat 
Of methane, P. C. Ludolph—-110(A), 830 
Variation (C,) of Oz, Nz and Hy» with pressure, E. 
J. Workman—1016(A), 1345 
Spectra, absorption (see also Absorption of light) 
Of acetylene, ultraviolet, G. B. Kistiakowsky— 
276 
Of amino acids, G. A. Anslow, M. L. Foster 
1708( A) 
Of BaF interpretation, A. Harvey, F. A. Jenkins— 
1709 A) 
Of blood and its relation to rickets, R. C. Gibbs, 
J. R. Johnson, C. V. Shapiro—1012(A) 
Of Br, W. G. Brown—1007(L) 
Of CaF, A. Harvey—228(A) 
Of CO., fundamental vibration bands, P. E. Mar- 
tin, E. F. Barker—1708( A) 
Of gases from 20 to 40z, J. Strong —1003(L) 1565 
Halogen derivatives of benzene, F. S. Brackett, 
U. Liddel—108(A) 
Hydrogen cyanide gas in the near infrared, R. M. 
Badger, J. L. Binder—800 
Hydrogen halides in the liquid state, E. O. Salant, 
W. West —108(A) 
In hydrogen sulphide and interpretation, H. H. 
Nielsen, E. F. Barker—727, H. H. Nielsen, A. 
D. Sprague 1183(L) 
Infrared bands, asymmetric molecules, H. H. Niel- 
sen——472(A) 
Infrared bands in formaldehyde vapor, J. R. 
Patty, H. H. Nielsen—472(A), 1708(A) 


Intensity of infrared, L. A. Matheson— 1708: A) 
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Spectra, absorption (continued) 
Of I, by atoms from optically dissociated mole- 
cules, L. A. Turner, E. W. Samson —1023(A) 
Of Hg vapor, J. G. Winans —107(.A), 897, erra- 
tum—1371. 

Of Se, A. Christy, S. M. Naudé —903 

SO2, ultraviolet spectrum, W. W. Watson, A. E. 
Parker—1484; of CS.—1013(A) 

Vibration spectrum of the N.O molecule, E. K. 
Plyler, E. F. Barker —1709(A) 

Water vapor, infrared, E. K. Plyler, W. W. Sleator 

108(A), 1493, E. D. McAllister, H. J. Unger— 

1012(A) 

Of Zn, Cd and Hg, J. G. Winans—902 

Spectra, atomic (see also Hyperfine structure) 

As VI, D. Borg, J. E. Mack—470(A) 

Auger effect, A. G. Shenstone —1701(A) 

Cb I and II, A. S. King, W. F. Meggers—226(A) 

Cs II, resonance lines, O. Laporte, G. R. Miller, 
R. A. Sawyer—845(L) 

Electrostatic interactions in (jj) coupling, D. R. 
Inglis—1702(A) 

Of Ge II, C. W. Gartlein—1704(A) 

He arc line 3888, structure of, R. C. Gibbs, P. G. 
Kruger—1559 

He 10830A, components of, J. D. Hardy—1686 
(A) 

Hg, Near-infrared, H. J. Unger—844(L) 

Intensity, manganese lines, R. S. Seward—344 

Of Li lll, H. G. Gale, J. B. Hoag—1703(A) 

O I terms, nebular and coronal lines, J. J. Hop- 
field —160 

Order of appearance of spectral lines, H. V. Knorr 

-1611 

Of Rb II and Cs II, O. Laporte, G. R. Miller— 
1703(A) 

Relative intensities of Hg lines, M. J. E. Golay— 
821 

Resonance lines of Rb II, G. R. Miller, O. Laporte, 
R. A. Sawyer—219(L) 

Of Rhe, arc spectrum, W. F 
1702(A) 

Of Se I, R. C. Gibbs, J. E. Ruedy—1704(A) 

Of Xe II, C. J. Humphreys, T. L. de Bruin, W. F. 
Meggers —106(A) 

Selection rules for many electron transitions, S. 
Goudsmit, L. Gropper—1702(A) 

Structure of the arc and spark lines of N, P. G. 
Kruger, R. C. Gibbs —1702(A) 

Theory of complex spectra II, E. U. Condon, G. H. 
Shortley—1014(A), 1025 

Of VI, H. T. Gilroy—1704(A) 


. Meggers, 219(L) 


Spectra, continuous 


By bombardment of gases and vapors with cath- 
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ode-rays, W. M. Cohn—1684(A) 
Color change and the Raman spectrum, W. D. 
Harkins, H. E. Bowers —108(A) 
Radiation from low speed electron bombardment, 
F. L. Mohler, C. Boeckner—1018(A), 1685(A) 
From tungsten, by 800 volt electrons, L. S. Taylor 
1684, A) 


Spectra, general 


Arce spectrum of Ne, O. E. Anderson, K. R. More 
1684( A) 

Condensed discharges, J. W. Beams —470(A), H. 
V. Knorr —470(A) 1611 

Electric and magnetic fields, effect of combined, 
J.S. Foster—1687(A) 

Lunar ultraviolet spectrum, energy distribution in, 
B. O'Brien, E. D. O’Brien—1012(A) 

Of Nd in solid solution, R. W. Wood 

Oscillating arc, E. Z. Stowell—1452 

Properties of materials for region 20-40u, John 
Strong—1565 

Of rare earth crystals, interpretation, F. H. Sped- 
ding—777(L) 

Recombination in Hg vapor, H. W. Webb, D. 
Sinclair—182, 469(A) 

Reflection spectrum of quartz, J. D. Hardy, S. 
Silverman—176 

Of Se, A. Christy, S. M. Naudé—903 

Solar and lunar spectra taken in Little America, 
Antarctica, M. P. Hanson, E. O. Hulburt—477 

Spectrographs, slit irradiation, D. C. Stockbarger, 
L. Burns—920 

In Xe, H. W. Harkness, J. F. Heard 


1687( A) 


1687(A) 


Spectra, molecular 


Of bismuth chloride, analysis, P. G. Saper--1710 
(A) 

Boron hydride bands, R. F. Paton, G. M. Almy— 
1710(A) 

Of CaF, A. Harvey-—228(A) 

Of COs», analysis, H. D. Smyth, T. C. Chow—1710 
(A) 

CO bands, 42220 to 43300, H. P. Knauss—471(A) 

Of COs, electron impact, H. D. Smyth, T. C Chow 
—1023(A) 

Directed valence in polyatomic molecules, J. C. 
Slater—459(A), 481; L. Pauling —1185(L) 

Fine structure measurements in the BeH bands, 
W. W. Watson, A. E. Parker—167 

A-type doubling and electron configurations, R. S. 

Mulliken, A. Christy—1718(A) 

Of germanium sulfide, C. V. Shapiro, R. C. Gibbs, 
J. R. Johnson—1709(A) 

Halogen bands, R.S. Mulliken—1412 

Intensity distribution and repulsive energy levels, 
J. Kaplan—1406 
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Spectra, molecular (continued) 
Intensities for symmetrical diatomic molecules II, 
E. Hutchisson—45 
Magnetic rotation spectrum of Lig, F. W. Loomis, 
R. E. Nusbaum—1712(A) 
Mass ratios from band spectra, R. T. Birge—227 
(A) 
Mass ratio of oxygen 18 and 16, H. D. Babcock, 
R. T. Birge—233(A) 
Of No, O. E. Anderson, K. R. More—1684(A) 
Of NH, 3360 band, R. W. B. Pearse—1712(A) 
Of O.*, analysis, D. S. Stevens—1711(A) 
Of O2 and O,"*, electronic levels, R. S. Mulliken— 
1711(A) 
Persistence of molecular rotation and vibration, 
O. Oldenberg—194 
Perturbations and predissociation in S2, A. Christy, 
S. M. Naudé—903 
Perturbations in the He band spectrum, G. H. 
Dieke—1710(A) 
Rotational analysis of the S: bands, S. M. Naudé, 
A. Christy—490 
Rotational Raman effect in carbon dioxide, W. V. 
Houston, C. M. Lewis—227(A) 
Of scandium-, yttrium-, and lanthanum mon- 
oxides, W. F. Meggers, J. A. Wheeler—106(A) 
Of S2, P. Huber—471(A) 
Of SiH, interpretation of bands, R. S. Mulliken— 
733 
Of SO, ultraviolet band, E. V. Martin, F. A. Jen- 
kins—226(A) 
Statistics of nuclei, P. Ehrenfest, J. R. Oppen- 
heimer—333, J. R. Oppenheimer—232(A) 
Strontium and barium hydride, W. R. Fredrick- 
son, A. L. Warntz—472(A) 
Temperature effect upon ultraviolet bands of 
ozone, O. R. Wulf, E. H. Melvin—1711(A) 
Zeeman effect in cyanogen bands, E. L. Hill— 
1709(A) 
Zeeman effect and uncoupling phenomena in he- 
lium bands, J. S. Millis—1005(L) 
Spinor analysis 
Application to the Maxwell and Dirac equations, 
O. Laporte, G. E. Uhlenbeck—1022(A), 1380 
Sputtering 
Color bands in films of tin, L. I. Bockstahler, C. J. 
Overbeck—465(A) 
Gold surfaces, H. F. Fruth—1690(A) 


Stark effect 
Asymmetry, components of Ha, D. R. McRae— 
1688(A) 
Models showing the electron’s motion, R. W. Wood 
—1022(A) 


Structure factor 
Long chains liquid compounds, G. W. Stewart, 
R. W. Spangler—472(A) 


By scattering of x-rays from gases, E.O. Wollan— 
104(A), 862 
Surface tension (see also Capillary action) 
Of Hg, M. Kernaghan—990, erratum—1674 
Theories in physics 
Discrete and continuous in physics, A. Ruark— 
315 
Thermal expansion 
Of rubber, W. W. Stifler, P. C. Mitchell—1683(A) 
Thermionic emission (see also Electrons, thermionic) 
Space charge vs. image force, R. S. Bartlett, A. T. 
Waterman—279 
Photoelectric and thermionic properties of Rh, 
E. H. Dixon—60 
Thermal fluctuations of the surface, K. H. King- 
don—89(L) 
Thermionic emission of positive ions 
By iron and copper, L. L. Barnes—218(L) 
From metals, W. H. Wahlin—467(A) 
Thermodynamics 
Clapeyron-Clausius equation, Extension of, J. L. 
Finck—1698(A) 
Equations of energy and entropy, T. C. Huang— 
1171 
Equilibrium, ammonia synthesis reaction,a correc- 
tion, L. J. Gillespie, J. A. Beattie—655(L) 
Reciprocal relations in irreversible processes. I. L. 
Onsager—405 
Relativistic;—Entropy of this universe, R. C. Tol- 
man—1639 
Thermoluminescence , 
Excited by exposure to radium, F. G. Wick—465 
(A) 
Ultra-ionization potentials (see Potentials, critical 
and Ionization by impact) 
Vacuum tubes 
Amplification of small direct currents, L. A. Du- 
Bridge—392, 461(A) 
Starting-time of thyratrons, A. W. Hull, L. B. 
Snoddy—1678(A), W. B. Nottingham—1019 
(A) 
Valence 
Directed valence in polyatomic molecules, J. C. 
Slater—459(A), 481; L. Pauling—1185(L) 
Orbital valency, J. H. Bartlett, Jr.—459(A), 507 
van der Waals forces 
In gases, H. Margenau—1014(A), 1425, J. C. Sla- 
ter, |. G. Kirkwood—682 
Weight-mass ratios 
Change in mass-weight ratio, P. I. Wold, E. M. 
Bigsbee—4060(A) 
Work function (see also Thermionic emission, Photo- 
electric effect) 
Thoriated tungsten filament, L. B. Linford—1018 


(A) 























X-Rays, absorption 
Absorption coefficients, absorption formulae, S. J. 


M. Allen—456( A) 
Change in wave-length, J. M. Cork--1555, 1696 
(A), D. Cooksey, C. D. Cooksey—1000(L), A. J. 


O'Leary, 873 
Dependence upon chemical and physical state, 
J. D. Hanawalt—456(A), 715 
In gases, W. W. Colvert—104(A) 
In gases of Ka of C, E. Dershem, M. Schein—104 
(A) 1238 
In Hg vapor, F. M. Uber —1696( A) 
Of the Ke line of C in various gases, E. Dershem, 
M. Schein—-104(A), 1238 
X-Rays, diffraction and scattering 
Atomic scattering power of Cu and O, G. A. Mor- 
ton—1697(A) 
By bound electrons, D. P. Mitchell, A. J. O'Leary 
103(A), A. J. O'Leary, 873 
Compton modified line, breadth of the, A. Hoyt, 
J. DuMond-1443, J. W. M. DuMond, H. A. 
Kirkpatrick—136, 232(A) 
Derivation of the formula for the half-width, N. 
105( A) 
Electron distribution in argon as determined by 
104, A) 
Extra lines in patterns of mixtures, R. W. Drier — 
712 
By gases, E. O. Wollan—104(A), 862 
Liquids and structure factors, G. W. Stewart, R. 
$72(A) 
Magnetic doublet, nature of, by x-ray diffraction, 
G. W. Stewart--455/ A) 
By simple cubic crystals, theory of, G. E. M. 
-1203, 1716.4 
M. Jauncey 


Rashevsky 


x-ray scattering, A. H. Compton 


LD. Spangler 


Jauncey, G. G. Harvey 


By solids, theory of, G. E. 1193, 
1694: A) 


Of unpolarized x-rays, G. E. M. Jauncey, G. G. 


Harvey—103( A), 698, erratum—10674 

Utilization of intensity data, M. L. Huggins —456 
A) 

In water, G. W. Stewart —9 

X-Rays, emission 

An attempt to detect axiality of x-ray emission, 
L. A. Pardue, L. W. McKeehan—329(L) 

Cathode-ray tube in x-ray spectroscopy, G. R. 
Fonda, G. D. Collins—328(L) 

Effects of cathode-ray diffusion on intensities, D. 

t L. Webster, H. Clark, W. W. Hansen—115 

Satellites, and chemical combination, F. K. Richt- 
myer—457(A) 

Satellites, interpretation, R. M. Langer 


457(A) 
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Satellites of the x-ray line La;, atomic number, E, 
Ramberg—-+457(A) 
Satellites of the x-ray line L82, atomic number, R. 
D. Richtmyer—456(A) 
Width of soft x-ray lines, W. V. Houston 
(A) 
Widths of lines in the L-series spectrum of uran- 
ium, J. H. Williams—232(A), 1431, 1692\ A) 
Width of WKa,, F. KK. Richtmyer, S. W. Barnes— 
1695(A) 
X-Rays, reflection and refraction 
Intensity from platinum, silver and glass, H. W. 
Edwards—232(A), 339 
And piezo electric effect, G. W. Fox, P. H. Carr— 
1622, 1095(A) 
Reflection of the Ka line of C from quartz, E. 
1246, 1690: A) 
X-Rays, spectra and spectroscopy (see also X-Rays, 
emission) 
Absolute measurement of Cu and Cr K-series, J. 
A. Bearden—1210, 1694 A) 
Absolute measurement of the Cula line, C. E. 
Howe, M. Allen—1694(A) 


Accessories for the Siegbahn x-ray vacuum spec- 


1692 


Dershem, M. Schein 


trograph, F. kK. Richtmyer—472(A) 

Ionization chamber method of measuring relative 
intensities of x-ray spectrum lines, S. Kk. Allison, 
\V. J. Andrew —1717( A) 

New A-series x-ray lines, W. Duane—1017( A) 

Precision wave-length measurement with the dou- 

1694(A 

Resolving power attainable, S. KK. Allison 

A) 
Satellites of the AKa;.. doublet, the Ka; and Kay 
1695: A) 


ble crystal, A. H. Compton 
1695 


lines, O. R. Ford 
X-Rays, tubes 
Cathode-ray tube in x-ray spectroscopy, G. R. 
Fonda, G. B. Collins —328(L 
Experiments with high-voltage tubes, M. A. Tuve, 
L. R. Hafstad, O. Dahl—469 A) 
Transparent target principle, D. E. Olshevsky— 
1017(A) 
Zeeman effect 
Walerstein, A. I. 


Air-cooled electromagnet, I. 


May—1719 A) 

In the 2=—?S cyanogen bands, E. L. Hill—1709 
(A) 

Hyperfine structure in thallium II and III, R. F. 
Bacher—226(A) 

And uncoupling phenomena in helium bands, J. S. 
Millis—1005(L) 
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What Is a Synero-Clock? 


ORE than ten years ago, before the synchronous motor-driven 
M clock was popularized for domestic use, the General Radio 
Company began development of such an instrument for use 
in the laboratory. It was our initial idea that the Syncro-Clock would 
be driven by a vacuum-tube oscillator having a fairly stable frequency 
characteristic and that the clock would therefore furnish a means of 
determining the average frequency of the oscillator during a given 
time interval. This development has been steadily carried forward, 
many models built, and now we are able to make commercially avail- 
= a Syncro-Clock having a number of useful and interesting 
eatures: 


The Syncro-Clock offers one of the most precise 

* methods possible of measuring the frequency of an 

oscillator. Readings are secured in terms of our Mean Solar 

Day and are integrated throughout the period of meas- 
urement. 


y When operated by a source of exactly 1000 cps. the 
* Syncro-Clock keeps true time, the only error being 
that of the standard. 


Shafts rotating with a constant angular velocity are 

* available for turning stroboscope discs, for operating 

seconds and tenths-of-seconds contactors, and for driving 

small generators to produce other frequencies the stability 

of which are definitely determined by the frequency of the 
driving source. 


The General Radio Company makes use of this device in its standard- 
frequency assembly, our name for a system which determines fre- 
quency directly in terms of the Mean Solar Day. Using a Syncro- 
Clock we compare the time kept by our piezo-electric oscillator — 
Syncro-Clock system with the time intervals determined daily by the 
U. S. Naval Observatory and transmitted to us via Arlington Time 
Signals. 


Syncro-Clocks have many applications to time and frequency-measur- 
ing problems. If this brief description interests you, we should be glad 
to send you further details. 


Ask for Catalog F-Y 
GENERAL RADIO COMPANY 


OFFICES y LABORATORIES y FACTORY 


CAMBRIDGE A, MASSACHUSETTS 


PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIBORNIA 
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INFORMATION FOR CONTRIBUTORS TO THE 
PHYSICAL REVIEW 


Purpose of the Review is to publish articles that add to our knowledge of experimental or 
theoretical physics. 


Articles which have not previously been published may be submitted by any physicist whether 
American or not. Each manuscript will be acknowledged by the Managing Editor as soon as 
received. An article to be considered must be in English and in a form ready for publication; it 
must be provided with a preliminary abstract prepared in accordance with the directions given on 
a following page. Carelessly written articles and figures not carefully drawn will be returned for 
revision. All manuscripts should be typed double space and symbols written in with great care 
so as to be quite clear to the printer. 


Suggestions as to Contents. On account of the high cost of printing, brevity is of great 
practical importance. Historical summaries of previous results and also discussions which consider 
various possible explanations without leading to definite conclusions should be made very brief, 
except in special cases. The greater part of the paper should be devoted to the actual new results 
and to a concise presentation of the conclusions to which they lead. Attention should be directed 
to the more accurate and more conclusive experiments, omitting any which add nothing. The 
amount of detail included should be governed somewhat by the importance of the results and 
their interest to physicists. 


Suggestions as to form. Clearness is of great importance. Pains should be taken to insure 
that the order and form of presentation are such as to enable the reader to grasp the new informa- 
tion as easily and quickly as possible. In general the order should be: Statement of the problem 
and of the purpose, scope and general method of the investigation, followed by a description of 
the apparatus, experiments and results in such order as to bring out clearly the evidence for the 
main conclusions, the paper ending with perhaps a brief discussion of the significance and bearing 
of the results on other problems. Avoid the historical or laboratory note-book style; use rather 
the text-book or lecture style. Footnotes should be numbered consecutively and each reference 
should contain author’s name. 


Abbreviations. Omit periods after such symbols for units as the following: cm, mm, kv, lb, 
A, °C; also after I, II, . . . and percent, and after headings in columns in Tables. Write a.c., e.m.f., 
abscissas, disk, in vacuum, wave-length, x-rays, percent. Refer to figures as Fig. 1, Figs. 3 and 4; 
and to equations as: Eq. (5); Eqs. (7) and (8). Number equations on the right. 


Mathematics. Indicate divisions by a slant line where possible. Avoid unusual symbols, 
symbols with rules over them, cumbersome fractions. 


Figures or illustrations. Use only jet black ink, on white or on blue-lined cloth or paper. 
Tracing cloth is especially suitable. Curves plotted or traced on such cloth or paper may have 
co-ordinates ruled in black at desired intervals, say every centimeter or inch, as blue lines are not 
reproduced photographically. Colors other than blue and black should be avoided. Indicate 
observed points on all plots. Arrange material in each figure compactly. It is well when possible, 
to make the longer dimension horizontal, as larger reproduction can then be permitted; if vertical 
figures are necessary space may be saved by making two of the same height, and putting them side 
by side. All lettering should be at least 4,” high for an 8”10” figure, so as to be legible after 
reduction. Lettering left in pencil will be inked in by a draftsman in this office. In general each 
figure and table should have a caption, describing it briefly. Reduce the number of tables and 
figures to the necessary minimum. 


Proofs. Galley proof of each article is sent directly from the publishers to the author and 
should be corrected with great care so as to eliminate all errors, as page proof cannot always be 
submitted. Only necessary changes should be made; extensive additions will mean the delay of 
a month in publication. All corrected proof should be sent promptly with the Manuscript to THE 
Puysicat Review, University of Minnesota, Minneapolis. 


Permission to republish any article is given, if proper acknowledgment is made. 


Reprints ordered on the proper form with the return of the galley proof, will be furnished 
by the printer according to the prices given on the form. 
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CAMBRIDGE INSTRUMENTS 





Portable Vibrograph 


TT instrument is designed for making spot tests of high 
period vibrations and can be applied to any vibrating surface 
—horizontal, vertical or inclined. It is portable and simple to use 
and is particularly adapted for analysing local vibrations in struc- 
tures, machinery, moving vehicles, airplanes, etc. The records, 
which are obtained by the action of a fine stylus upon a moving 
celluloid film, are clear, accurate and impervious to oil and water 


and are immediately available for examination. 


Further details upon request 


CAMBRIDGE 


Pioneer Manufacturers of Precision Instruments 


3512 GRAND CENTRAL TERMINAL, NEW YORK 
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VISCOSITY METER - Revolving Cylinder Type 






Complies with specifications given in Ferry’s “Physical 
Measurements” [-xp. 25, and Zeleny & Erikson’s “Manual 


of Physical Measurements”, Exp. 33. 


Rotating cylinder filled with liquid produces 


‘ . a. 
torque on the inner cylinder suspended by 
F ‘ ne 
‘ire wi irror for observation. May be ao 
wire with mirror fot iy be ee 





driven by a motor rotator through pulley 
drive shown or by the No. 850 Mechanical 


Timer. 


An improved torsion head attached to suspension wire 
provides the required torque to bring the readings on 


the scale for liquids having high viscosities. 


Two cylinders of different lengths furnished. 
Observations taken with both cylinders auto- 
matically eliminates end ‘effects; thus making 


possible the measurements of absolute viscosity. 


No. 544 Tl iscosity Meter, complete with outer hollow cylinder and chuck 
attached to bottom, two inner cylinders, mirror, suspension 
wires, torsion head, and mounting, but without driving mech- 
DE: Uhre ki Gada is 58a eee ee swks beeeeet haeceseies $16.00 


No. 544B Viscosity Meter, complete with pulley drive, as illustrated. . $23.50 


W. M. Welch Manufacturing Company 


Manufacturers, Importers and Exporters of Scientific Apparatus, Furniture, and School Supplies 
General Offices: 1515 Sedgwick St., CHICAGO, ILL., U.S. A. 


Scientific Apparatus Factory Laboratory Furniture Factory: 
and Warehouse: 600 S. Sixteenth St., 
1516 Orleans St., Chicago, III. Manitowoc, Wisconsin 
Branch Offices: 
342 Madison Av. 1916 West End Av. 34th & Broadway 2220 Guadalupe St. 
NEW YORK CITY, N.Y. NASHVILLE, TENN. KANSAS CITY, MO. AUSTIN, TEXAS 
Pacific Coast Distributors: 
Braun-Knecht-Heimann Co., Ltd. Braun Corporation, Ltd. 
576-584 Mission Street, 365 New High Street, 
San Francisco, California. Los Angeles, California. 
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PHYSICAL REVIEW 


PREPARATION OF PRELIMINARY ABSTRACTS 


An article will not be accepted for publication in THe Puysicat Review 
unless the manuscript is accompanied by an adequate abstract for publica- 
tion at the beginning of the article. This abstract is intended to aid the 
reader by furnishing an index and a brief summary of the contents of the 
article. Besides serving these purposes it should also be suitable for repro- 
duction in abstract journals so as to make it unnecessary for the editors 
of these journals to have another abstract prepared. 


As an index it should be complete; all the subjects, major and minor, con- 
cerning which new information is presented, should each be given, with 
sufficient precision so that any reader can tell from the abstract whether the 
article contains anything of interest to him. The subject indexes of abstract 
journals are fundamental in reference work. These indexes are prepared 
exclusively from the abstracts and whatever is omitted from the abstracts 
cannot be included in the index and may thus be lost. The writer of an ab- 
stract should therefore feel himself under an important obligation to his scien- 
tific colleagues to make sure that the abstract is accurate and complete, at 
least as an index. 


As a summary the abstract should give briefly the conclusions of the article 
important advances in experimental technique and theory, and all numerical 
results of general interest that may be conveniently given including all that 
might belong in a hand book and table of contents. It should give all the 
information that readers who are not specialists in the particular field involved 
might desire to know about the article thus saving them the time and trouble 
in referring to the article itself. Experience has shown that in general the 
length of the abstract should be from four to eight percent of the length 
of the article. 


Tue Puysicat Review 1923-1925 contains many examples of adequate ab- 
stracts. Most of these contain paragraph titles and subtitles which indicate 
the subjects concerning which new information is given and it is required that 


authors include such subtitles when all the information contained in the article 
does not refer to the subject indicated by the title of the article. Such sub- 
titles may be frequently avoided by rewording the title so as to make it more 


precise. 
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Write for the new 
cross section paper 
sample book 


There are two new kinds shown and a few 
changes in stock sizes. You will want to know 
what they are. This sample book is yours for the 


asking. 


CORNELL CO-OP. SOCIETY 


BARNES HALL ITHACA, N. Y. 




















A New Handy Reference 
Card 
Math. Tool ° 


of the most probable values of the 
GENERAL PHYSICAL CONSTANTS 
as estimated by Raymond T. Birge 





EDGAR DEHN : : 
in the July issue of 
ALGEBRAI 
G ¢ CHARTS THE PHYSICAL REVIEW 
for solving quadratic, cubic SUPPLEMENT 
and biquadratic _ equations. Tables of the values of the general 
Price in special folder $1.00, physical constants taken from Birge’s 
library edition $1.50 bound. article are printed on two stiff cards, 
: 8% x 11”, bound together with linen 
Patents Pending tape 


Size 6 by 914 inches, 
ize y 914 inches, 14 sheets Price 50 cents 





Reviews of Modern Physics 
NOMOGRAPHIC PRESS 


509 Fifth Ave., New York University of Minnesota 
Minneapolis, Minnesota 
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Van Cittert Quartz Double Monochromator 


Made by P. J. Kipp & Zonen 
for wavelengths of 27000 to 2000 A. Aperture F:4. Focal length 140 mm. 


‘7° HIS new instrument having optical parts of By special arrangement with Kipp & Zonen 
| crystalline quartz gives monochromatic light we import apparatus of their manutacture at the 
of great purity and may be used for measuring same prices one would pay if dealing directly 
the distribution of energy through a spectrum by with them; and we relieve our customers entirely 


of all details incident to shipment, customs, etc. 


means of a Moll thermopile which can replace the Catalogs (in English) published by Kipp & Zonen 


} 1; : : a eR . ea “ 
end sit. Other applications are: absorption are in our files and will be mailed to interested 
measurements, calibration of standard lamps, con scientists upon request. 
trol of the sensitivity of photographic plates for 


diffe rent color S ee. T he narrowest region of JAM ES G Bl DD LE co 
wavelengths to be measured with this Double ° ° 
Monochromator is about 15A. The adjustment to | ELECTRICAL ane SCHENTIFIC INSTRUMENTS } 


any region of wavelengths is made by displace- 
ment of the central slit 200-13 Arncn STREET. Primavera, Pa. 























Taylor Process Fine Wires 


PATENT NUMBER 1,793,529 


HE TAYLOR PROCESS for making wires from substances which lack 

ductility, consists in melting the material in a glass or quartz and draw- 
ing down to the required size. The process has been so developed that a great 
many non-ductile substances can now be drawn into wire by it. The elements or 
alloys, because the drawing is done in glass or quartz, are in a very pure state, 
although lengths of more than a few feet cannot be obtained. The wires may be 
had with or without the glass insulation. 
We make Taylor Process wire of Pt, Pd, Rh, Au, Ag, Cu, Fe, Co, Ce, Zn, Cd, Ge, 
Pb, Sb, Bi, Sn, Se, Te, Tl, Ga, and In, Constantan, Bi-Sn, Cd-Sb (used where large 
E.M.F. is desired) and many other alloys. Our wires are packed in containers 
holding one foot and with few exceptions, the sizes are from one mm to one 
micron. We manufacture too, fine wire by the Wollaston Method, by extrusion 
and by bare drawing. 


Whenever you need wire from unusual materials or in unusual sizes, write us. 
Very probably we can supply you. 


BAKER & CO., INC. 
54 Austin St., Newark, N. J. 
New York San Francisco Chicago 
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ANNOUNCING 


A New Reading Device For L& N Galvanometers 

















G-243 


This lamp and seale reading device has no telescope. It may be 
attached to any L & N reflecting type galvanometer. It throws a 
bright spot of light, split by an index line, on the scale. This spot 
is visible at any angle from which the scale can be viewed. The 
room need not be darkened. No table space is required 

The device is designed for null rather than deflection measure- 
ments. The effective sensitivity of the galvanometer is one-half 
that which is obtained when a 1-meter reading device is used. 


No. 2111 LAMP AND SCALE READING DEVICE Complete..... $45.00 
For No. 2239 Wall Type Galvanometers 
No. 2112 LAMP AND SCALE READING DEVICE Complete..... 50.00 


For Nos. 2500, 2285 and 2290 Shelf Type Galvanometers 






LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


LO) Ol 


Hump and Homo Heat Treating Furnaces Electrical Measuring Instruments 
Automatic Combustion Control Potentiometer Pyrometers 
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Super Akra-Ohm 
Resistors 


For RESEARCH WORK 


are offered to industrial and other laboratories 
engaged in studies requiring dependable re- 


sistors. 


The SUPER AKRA-OHM (wire-wound) Re- 
sistors are made according to rigid specifica- 


tions to insure the following characteristics: 


Resistance Range .0025 ohms to 10,000,000 


Su p er ohms. 
AKA Wily Precision Calibration .1% of 1% to 1% 


\ win. WOUND Low Temperature coefficient depending upon 
“in requirements. 

Extremely low residual inductance and dis- 

MS tributed capacity (hardly measurable). 
\ 


MFO, CO, 


Normal power rating 1 to 2 watts. 
Capable of enduring high potentials, high 
humidity, vibration, rough handling and ab- 


normal temperatures. 


We manufacture resistors of any resistance 


value or power rating and employ the proper 





alloy to suit the customer’s needs. 


What are your requirements ? 


Send for Bulletin 100-W. 










wavs | ‘ Ak 
| Shalleross Mig. Company | WIRE wouno 
y ELECTRICAL SPECIALTIES ed RESISTORS | 
| aceunaes Sa 700 PARKER AVENUE ~170 . 
“SSR Collingdale, Pa.~ 


(NEAR Pe age 
SS 


eS" 











Please Mention the PHYSICAL REVIEW when Writing to Advertisers 














10 ADVERTISEMENTS 








Back Numbers Urgently 
Wanted 


of the 


PHYSICAL REVIEW 


» 


We will pay $2.00 each for copies of the January, 

February, April and May issues of Volume 7, 

1916; the January and February issues of Volume 

9, 1917; January issue of Volume 11, 1918; also 
$1.00 for copies of the January, 


1927, issue. 


Send to the Physical Review, University of Minne- 


sota, Minneapolis, Minnesota. 
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LOCAL TELEPHONE SERVICE ONCE COST 


‘240 A YEAR 




















In 1879, the New York telephone 


directory was a card listing 252 


names. There were no telephone 
numbers, nor any need for them. 
When you telephoned, you gave the 
operator the name of the person you 
wanted. Service was slow, inadequate 
and limited principally to people of 
wealth. The cost of a single telephone 
was as high as $240 a year. 

Today, you can talk to any one of 
hundreds of thousands of telephone 
fraction of what it 
then cost for connection with less 


hundred. 


installation increases the scope and 


users for a 


than three Every new 
value of the telephones in your 
home or office. 

Twenty-four hours of every day, 
the telephone stands ready to serve 
you in the ordinary affairs of life and 
in emergencies. In the dead of night, 
it will summon a physician to the 


bedside of a sick child. Men transact 
a great part of their business over it. 
Women use it constantly to save steps 
and time in 
duties. 
ways, it helps to make this a united, 


social and household 


In an increasing number of 
more active, more efficient nation. 

Simply by lifting the receiver 
you become part of a nation-wide 
communication system that uses 
80,000,000 miles of wire, and rep- 
resents an investment of more than 
$4,000,000,000. Yet the cost of local 
service is only a few cents a day. 

Subscribers who look back over the 
month and consider what the tele- 
phone has meant to them in con- 
venience, security and achievement 
are quick to appreciate its indispen- 
sable value and reasonable price. 

Frequently you hear it said— 
“The telephone gives you a lot for 
your money.” 








* AMERICAN TELEPHONE AND TELEGRAPH COMPANY * 


Ty 
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Western Elecfric 


Cathode Ray Oscillograph Tube 











Pattern of Frequency 
Match 100 & 400 cycles 
on Oscillograph 
Screen 


Pattern of Damped Oscil- 

lating Discharge of Con 

denser through an 
Inductance 


No. 224-B Vacuum 
Tube in No. 122-A 
Vacuum Tube Socket 


NOWN also as the. Western Electric No. 224-B Vacuum Tube, the instru- 

ment illustrated is a low potential Cathode Ray Oscillograph Tube of the 
hot filament type, superior to high voltage tubes in sensitivity, reliability and 
ease of operation. 
By means of this tube, it is possible to obtain graphic representations for de- 
termining and measuring, regardless of frequency, the performance character- 
istics of electrical apparatus and also of mechanical apparatus which by its 
motion is capable of affecting an electrical circuit. Due to the practical absence 
of inertia in the moving system of the tube it can follow frequencies up to 
millions of cycles per second. 


Write for a copy of descriptive bulletin T-722-2. 


DISTRIBUTOR IN THE UNITED STATES 


ELECTRIC COMPANY 
420 LEXINGTON AVENUE, NEW YORK, N. Y. 
Distributor for Canada and Newfoundland 
Northern Electric Company Limited 
121 SHEARER STREET, MONTREAL, P. Q., CANADA 


Foreign Distributors 


International Glandard Electric Corporation 
67 BROAD STREET, NEW YORK, N. Y. 
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Back Numbers Urgently 
Wanted 


of the 


PHYSICAL REVIEW 


We will pay $2.00 each for copies of the January, 
February, April and May issues of Volume 7, 
1916; the January and February issues of Volume 
9, 1917; January issue of Volume 11, 1918; also 
$1.00 for copies of the January, 
1927, issue. 


Send to the Physical Review, University of Minne- 
sota, Minneapolis, Minnesota. 











For new electrical studies .. . 


THE ATTENUATION BOX 


by 
THE GENERAL RADIO COMPANY 


No. F3951 


I etree nev mkaaphmat et sie tee ite agape 
ing test with telephones, consists of a resistance system and switches so arranged 
as to add series resistance, as the resistance across the telephone terminals is reduced, 
presenting an approximately constant impedance across the input terminals. 

The meter consists of two sets of resistances with thirty taps each. The winding is of 
the random type on Bakelite cards. The accuracy of adjustment is plus or minus 0.25 
per cent. Any good 5000 ohm telephone receiver may be used with it. The scale is 
graduated directly in decibels from 2 to 60 in steps of 2.0. 


LABORATORY [A(t SUPPLIES 
New York - Boston - CHICAG O-Toronto-Los ANGELES 





GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN 








